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SCIENCE TEACHING AND THE WORLD OF TOMORROW * 


Woo.rorp B. 


3AKER 


Emory University, Emory University, Georgia 


OST interesting and significant confer- 
M ences are in session today in differ- 
As a result of the 
deliberations of the ministers seated around 
the conference tables, the pattern of the 
world of tomorrow will doubtless be out- 


ent parts of the earth. 


lined and the future course of human his- 
tory will be determined. It is no wonder 
people all over the world eagerly await the 
press and radio reports of the daily pro- 
ceedings. 

I suspect if one of the earlier inhabitants 
of Europe, the Neanderthal man, could re- 
turn and listen in on the deliberations of 
the present read the 
thoughts in the minds of the ministers as 


conferences and 
they spar for points and jockey for posi- 
tion, he would feel very much at home. Did 
he not, nearly 100,000 years ago sit with 
his fellows in an attempt to provide for his 
future safety and set up rules which would 
Was there 
not in his inner consciousness an awareness 


give him and his kind security ? 


and a fear of the great forces of nature 
which he saw unleashed and uncontrolled ? 
Had he not 
kind down and might they not in the pre- 


seen these forces strike his 
dictable future completely annihilate him? 


Were 


today not thinking and occasionally speak- 


these ministers at the conference 
ing of some sort of unleashed natural force 


which was not yet controlled? Was not the 


* Address presented at a meeting of the science 
teachers of South Carolina. 


“J 


Neanderthal man motivated in many of his 
decisions by a distrust of strangers and a 
suspicion of all forces and weapons which 
he did not understand? Was it not neces- 
sary for him to trade as skillfully as pos- 
sible with his fellows as well as with the 
demons who were pitted against him—mak- 
ing a concession here and a sacrifice there 
-even of the lives of his own family if 
necessary in order to save himself? 

We smile when we think of the supersti- 
tion and ignorance which made the Nean- 
derthal man fear the thunder and lightning, 
the floods, the volcanoes, the shortening 
days, the eclipses, the earthquakes. We pity 
him when we realize he populated his uni- 
verse with unmanageable evil creatures, fe- 
rocious beasts, and death dealing demons 
which in the twinkling of an eye might 
exterminate him. We criticize him for his 
distrust of his fellows and for his selfish- 
ness and the greed shown in many of the 
plans he devised. Yet I suspect our sav- 
age friend the Neanderthal man would feel 
pretty much at home in many of the con- 
ferences being held by modern man seeking 
to solve the problems of the present and 
plan the world of tomorrow. 

To be sure the Neanderthal man would 
find many of the fears he experienced no 
longer playing a part in the discussions. 
In fact he would find the lightning har- 
nessed and giving light, power, and heat; 
the hot from the volcanoes 


vapors were 
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now confined and driving giant machines ; 
the fierce fire which drove him from his 
forest haunts now providing heat for the 
council chambers; the stones which im- 
peded his path now forming support for the 
walls of houses strong enough to withstand 
the earthquakes ; the great floods which de- 
stroyed his family and his possessions were 
now leashed and directed at will to drive 
giant generators, serve personal needs and 
flow gently over luxuriant crops. Yet did 
he not hear the ministers speak in awed 
tones of atomic energy which had brought 
about unheard of destruction and which 
was not yet controlled? 

Doubtless the Neanderthal man would 
be somewhat confused at what he finds 
today. (Questions would arise in his mind, 
(1) By what means have so many of the 
evils, so many hostile forces in nature been 
brought under control and harnessed to do 
our bidding; (2) With all the power under 
the command of modern man and with all 
the conveniences and comforts he has se- 
cured by his mastery of nature, with enough 
potential food and shelter for all, why 
should there be millions dying of cold and 
hunger, and (3) Why should modern man, 
surrounded as he is with the products of his 
intelligent activity, with complete control 
over those forces in nature that can bring 
either security, comforts and plenty to all 
or destroy his kind by the millions, still be 
motivated in his planning for the future 
by essentially the same _ characteristics 
shown 100,000 years ago, namely, distrust, 
greed, selfishness and fear? Can we answer 
these questions ? 

I think we would agree in telling our 
Neanderthal man that it is Science which 
through the centuries has given modern 
man such mastery of his environment. We 
might tell him as some one has suggested, 

“Science is like a golden thread which has run 
through the history of the world, consecutive 
and continuous, the work of the best men in suc- 
cessive ages. Its story without a beginning and 
without an end, is forever unfolding. From point 
to point it still runs, and when near you feel it 
as the clear and bright and searching, irresistible 
light which Truth throws forth when great minds 
conceive it.” (Modified from Walter Moxon.) 


[Vor. 34, No. 1 


We would also tell him that the fruits of 
the scientific laboratories, the machines, the 
gadgets, the energy transformers, the count- 
less labor saving devices have freed man 
from the back-breaking drudgery necessary 
for survival and given him time to search 
further into the many mysteries and un- 
known factors and forces which surround 
him. We would be forced to state how- 
ever, that many of the difficulties now being 
considered at the various conferences are 
the result of misuse of some of the very 
gadgets, forces, and machines which first 
gave us freedom. 

Perhaps the Neanderthal man would 
then ask why so few people seem to know 
these things. We would explain that we 
have been spending much time and effort in 
educating our children so as to prepare 
them for meeting the problems of life most 
effectively. We would have to admit, how- 
ever, that the results have not been alto- 
gether successful. We might show him the 
agreements reached at the Sixth World 
Conference on Education held at Nice, 
France, in 1932, where our entire educa- 
tional process was re-evaluated. He would 
perhaps understand better some of the rea- 
sons for our admitted failure in the past. 
These basic agreements were: 

1. We in the west have produced a false edu- 
cation, a partial education, of words, of books, 
and of the cortex rather than of the whole body ; 
an education built by imitation and imposition 
from the cultures of other times and other peoples. 

2. The supreme goal of education is the devel- 
opment of integral personalities; the production 
of courageous, effective, happy personal relation- 
ships; the prevention or elimination of anxieties, 
guilt reactions, conflicts, and the like. 

3. Education should train students in scientific 
thinking, in making their own decisions, in avoid- 
ing prejudices, in criticizing evidence, in dis- 
counting propaganda, and the like. 

4. Education should build consciously and con- 
tinuously a tolerant, sympathetic understanding 
of other points of view and cultures, while stress- 
ing the positive values in the culture of its own 
people. 

5. Education should take place through the 
purposeful activity of children, should be creative 
rather than merely absorptive and_ should 
assemble materials and activities in terms of 
learning needs and real life situations. 


In terms of the demands of such a re- 
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evaluated education I think we could state 
that science properly taught by effective 
teachers might resolve most human prob- 
lems regardless of how grave. Certainly 
however, the teaching of science must be 
much more widespread and touch many 
more individuals than it has in the past. 
Benj. C. Gruenberg (American Biology 
Teacher, Vol. 9, No. 4, Jan. 1947) states 
this fact concretely : 

Teachers and scientists, however, are but 
tardily discovering that people generally cannot 
benefit from science unless virtually everybody 
has a chance to share in the social and spiritual 
consequences of scientific methods, knowledge, 
and attitudes. For in addition to the many pos- 
sible applications of science there are many deep 
and far-reaching implications; science implies 
for one thing, nothing short of universal democ- 
racy. Can we... be satisfied to train tech- 
nicians to “apply” science for those who hire 
them and at the same time disregard the impli- 
cations of science for everybody? 

All of you have read in the “31st Year- 
Book”, the report prepared in 1932 by the 
National Society for the Study of Educa- 
tion under the title A Program for Teach- 
ing Science, that the goal for science teach- 
ing is “the enrichment of life through par- 
ticipation in a democratic way of life’. 

If we agree that science teaching is an 
effective method of preparing people for the 
most abundant life, then just what should 
we set up as our specific objectives in the 
science program ? 


1. In the fitst place science courses 
should seek to stimulate curiosity about the 
physical and biological 
which the student lives. 


environment in 


All of us realize that interest and curios- 
ity are the preliminary stages in the learn- 
ing process. Too many of our science 
courses fail to capitalize on that funda- 
mental fact. Some years ago I asked a 
group of advanced biology students, most 
of whom were preparing to be teachers, 
to criticize their previous science course, 
my own included. One of the better men 
said very frankly that he had always been 
interested in things but not particularly in 


subjects as such. When he began his study 
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of science in High School he 







hoped to 
perform experiments, handle equipment, 
examine living creatures and discover first- 
hand significant facts about things. Imag- 
ine his disappointment when he: found the 
class so large, the teacher so busy, the 
equipment so meager that most of his time 
was taken in hearing the teacher te// about 
things, in reading in the text, and looking 
at pictures of things while at the same time 
the environment was filled with all manner 
of interesting and significant objects which 
he would like to see, feel, hear and under- 
stand. When he came to college to study 
science he was so besieged by the mass of 
facts, theories, and explanations which had 
been organized into the particular courses 
that he had little opportunity or encourage- 
ment to study “things.” He urged the de- 
velopment of courses in which the student 
would be brought into personal contact with 
specific objects—definite things, and not 
have to spend so much time memorizing 
the facts which someone else had observed 
about them. 

In most of our sciences we have become 
too set in our ways and in order to make 
the course measure up to certain generally 
accepted standards, we overlook its inter- 
est stimulating capacity for the student. 
Are our courses designed for the particu- 
lar student we are teaching or are the 
students brought into our classes and lab- 
oratories for the benefit of the courses ? 

A graduate student from a non-science 
field registered for one of my courses in 
the Gulf Laboratory which Emory oper- 
ated before the war. He accomplished a 
great deal and did an excellent quality of 
work. As in all such field laboratories our 
motto was “Study Nature, not Books”. 
This man became so interested that he came 
back in the fall for more Biology. Imag- 
ine my surprise and chagrin when after 
completing two formal courses he said he 
was not interested in going any farther in 
the department since his desire was to learn 
about living organisms—individual organ- 
isms—how they lived, how they adjusted 
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themselves to their environment, their likes 
and dislikes, their food and how they se- 
cured it, etc. But in his formal biology 
courses with scheduled laboratories, formal 
lectures, drawings, etc., he found too many 
dead things to suit him; too many generali- 
ties and not enough first hand observa- 
tions; too much subject matter and not 
enough individual things which would en- 
able him to better adapt himself to his 
environment and get more pleasure from it. 

Students can come to an individual un- 
derstanding of their environment only 
through direct contact with materials and 
situations. Non-laboratory courses or 
courses with demonstrations will not accom- 
plish the desired results. The report of the 
Harvard Committee, General Education in 
a Free Society, 1945, says of science teach- 
ing by merely telling 

“It is not only not science, but in a very 
real sense unscientific,” and continuing 


(Page 153) 


“It comes perilously close in spirit to the 
scholasticism with which modern science broke 
at its inception. It possesses the typically scholas- 
tic reliance upon verbal authority—in this case 
the authority of the writer of scientific texts— 
it has the same predominantly deductive logical 
structure, and the same preoccupation with words 
rather than with objects and processes which 
they only imperfectly symbolize. The thought 
that an understanding of science might be con- 
veyed as well or better without direct observa- 
tion, experiment and mathematical reasoning 
involves a fundamental misapprehension of the 
nature of science.” 


We would say then, that our first objec- 
tive is to stimulate curiosity and arouse in- 
terest in the natural environment, both ani- 
mate and inanimate, which will be contin- 
ued and developed throughout the life of 
the individual. 


2. The sciences should train the student 
in a method cf acquiring and testing the 
validity of knowledge. 


This is essentially a method of complete 
and unbiased observation, critical correla- 
tion and comparison, logical formulation 
of hypotheses, theories and conclusions 
which can be tested by controlled experi- 


[Vor. 34, No. 1 


mentation. “It is a dynamic method for 
establishing truth.” 

Man by nature is not given to thinking 
scientifically. He must be trained in the 
method. Our Neanderthal man, and to too 
great an extent modern man, has been 
largely dominated by behavior patterns or 
instincts, the following of which provided 
his basic needs such as food, water, protec- 
tion, reproduction, and acquisition of pos- 
sessions. He did not seek to understand 
his environment but rather to get from it 
that which satisfied these basic needs. 

In an age of science when man’s future 
welfare depends so much on his knowl- 
edge and use of material resources, matter 
and energy, and upon his successful adapta- 
tion to his fellows, it is very important that 
students be trained in this method of think- 
ing so as to enable them to really under- 
stand the natural forces and objects around 
them, to understand themselves, their social 
relationships and institutions, not only as 
they are today but as they will be in the 
changing world of tomorrow. Within our 
time we have seen traditions shattered, 
generally accepted authority brought into 
question, established institutions revamped, 
and now find ourselves challenged by a 
world order which in many respects is 
entirely new. Walter Lippman has said: 


“There are no books of prophecy in which one 
may read what the future has in store for him. 
That is why it is necessary to educate men.” 


The responsibility for preparing young 
people to meet this new and changed world 
of tomorrow rests largely upon their teach- 
ers, and the teachers should be adequately 
prepared to teach their students to think. 
It is a trite but true statement that the av- 
erage person does not like to think. His 
mentality is such that he seems _ better 
adapted to obedience and authority. He 
does not like change but rather wants to 
leave things as they are. This characteris- 
tic makes him easy prey for those who do 
think. His kings, his dictators, his poli- 
ticians, his medicine men and even his 
priests have all too frequently kept him in 








th 
m 
th 
tir 
re 
ri 


th 
th 
ce 
sc 
th 
ol 
ti 
in 


i 


} 





ciples. 





eR a er ste 


Fesruary, 1950] ScIENCE 
bondage by determining what he should 
know, hear, read, and think. 

The scientific method involves individual 
thinking; it calls on the imagination; it 
means the questioning of authority except 
that of truth. 
tively unites the sense experiences and the 


It is a method which effec- 


reason through the use of scientific mate- 
rials and apparatus. If the student becomes 
a scientist he is indoctrinated in the use of 
the scientific method but all too frequently 
the nontechnical student does not come into 
contact with it. Thus if we are to have 
science for everybody in order to train for 
the democratic way of life we must enlarge 
our science program throughout the educa- 
tional system. We must put more science 
in the elementary school, the peoples’ 
school, since the majority of our pupils 
We must 
strengthen the basic science offerings in the 
high school and, in the colleges and uni- 
versities we must put into the liberal arts 
program more of a mixture of facts with 


sense experiences, of reason with prin- 


drop out before going farther. 


There has been too much of a ten- 
dency in the educational process to require 
the student in medieval fashion to memorize 
facts and formulas, “to overemphasize the 
classics, history, and literary masterpieces 
at the expense of scientific method and 
technology. Possibly as a consequence 
many conceive of science and its method of 
solving problems as belonging to the pro- 
fessions and as a little lower than that to be 
aspired to by the ‘cultivated gentleman’ ” 
(David L. Miller, Bull. A.A.U.P., Vol. 
31, No. 2, 1945.) Miller adds, “Possibly 
democracy can best be nurtured through 
teaching and using the scientific method.” 


3. The sciences should train the student 
in skillful coordination of mind, eye, and 


hand. 


Too much of our school work is directed 
to the mind alone and many students fail to 
learn to use their hands. There is much 
criticism of required drawings in science 
courses—the drawing of apparatus in phys- 
ics and chemistry, of specimens and dis- 
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Much of the criticism 
is justifiable but our artist friends will sup- 


sections in biology. 


port us in the contention that a crude draw- 
ing executed while observations are being 
made will impress facts upon -the student 
in a way nothing else will do. Manipula- 
tion of materials and apparatus means work 
and many of our students are allergic to 
work, but experience shows there is no easy 
road to learning. Many times however, the 
fact that eyes, hands, and brain are closely 
correlated in the process makes the task 
seem easier. 


4. The sciences should give the student 
a body of accurate, reliable, and useful 
knowledge—knowledge which will enable 
him to distinguish fact from superstition, 
education from propaganda. 


As minds become free to think and dis- 
cover the truth, as more rapid means of 
communicating thoughts become available, 
there arises the necessity of exercising 
choice as to which thoughts of others we 
will accept as true and which as false. In 
the highly organized and complex world of 
today it is difficult to draw the line between 
propaganda and education. High pressure 
salesmanship and advertising, organized 
propaganda for this cause and that cause, 
the widespread circulation of magazines 
and newspapers, commercialized radio, 
all present such a varied mass of informa- 
tion and misinformation that the very free- 
dom of thought and action which man has 
so long struggled to 
threatened. 


achieve, becomes 

How much of our daily conduct is gov- 
erned by the directions for this or that pro- 
cedure advertised in the papers and over 
the radio? How much of our American 
diet for example, is determined by advertis- 
ing and how much by the nutrition labora- 
tories ? 

The best example of the necessity of 
being able to choose between propaganda 
and scientific education is found in the 
totalitarian nations of the earth. Here the 
state prescribes what the people are to 


learn. There is no opportunity for them 
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to evaluate, correlate, and test the knowl- 
edge. Ina true democracy there is no room 
for such principles. Yet in our great de- 
mocracies there is a growing tendency to 
direct the thinking of the citizens. This 
is a dangerous policy. Science teaching 
offers our principal bulwark against this 
type of national life. 

In times of peace the political propa- 
gandist is with us with his panaceas for all 
our ills. In times of war a special type of 
propaganda is issued for the consumer. 
There are propagandas for rabid national- 
ism, racial prejudices, propaganda for labor, 
propaganda against labor, propaganda for 
capital, and propaganda against capital. In 
the world of tomorrow the citizen must be 
trained to evaluate all of this and be free to 
determine his course of action on the basis 
of accurate, reliable, and useful knowledge, 
which must not be encircled by an “iron 
curtain.” 


5. The sciences should develop in the 
student an appreciation of the social impli- 
cations of modern technology. 


We have heard much in recent years 
about the dangers of having more science 
than we could assimilate in our social or- 
der, more gadgets than we could use profit- 
ably. It has even been suggested by some 
that science should declare a holiday. I do 
not think many of us would concur in such 
an opinion. For my part, I want all the 
comforts and conveniences science may pro- 
duce. I want all the labor saving devices 
our harnessed power can give us. At the 
same time I want those who have such 
power under their control to be motivated 
in their use of it by intelligence and good 
will. I am convinced that we as scientists 
have not been careful enough in the past 
in following through with our scientific 
discoveries and putting them into their full- 
est relationship to our social, political and 
economic interests. Pres. Conant of Har- 
vard, said recently: 


“Science alone, untempered by other knowledge 
can lead not to freedom but to slavery.” “Science 
and Society in the Post-War World.” Tech- 
nology Review, XLII—1943. 


Conant is correct. Science alone can- 
not solve our problems and the fruits of 


the scientific laboratories—the machines, 





the various instruments of energy transfor- 
mation and delivery might even destroy 
humankind unless they are related properly 
to long range welfare. The choice and use 
made of the products of science determine 
largely their worth. Unapplied science, 
pure science, has been called neutral knowl- 
edge. In itself it means little except satis- 
faction to its discoverer. The social, eco- 
nomic, or political order determines the 
values. David Miller of the University 
of Texas says: 

“The discoveries in the laboratory do not 
include values, but they certainly condition the 
determination of values. Determination or choice 
of values takes place outside the laboratories and, 
in a democracy, by the voting public.” Bulletin 
A.A.U.P., 1945, p. 201. 

He adds: 

“a research scientist will become keenly conscious 
of his social responsibility and of the possible 
application of his research”... 

That modern scientists are accepting this 
responsibility is evidenced by the many 
statements of the atom bomb experts as to 
the tremendous implications of their discov- 
eries. This same sense of social respon- 
sibility must be present in a realistic man- 
ner in all students. It seems the chief re- 
sponsibility for such training rests on the 
shoulders of the science teachers. Albert 
Einstein expressed the idea when he said: 
“It is too late for us to make mistakes.” 
Our program should be broad enough to 
touch the lives of all students so that as 
citizens they may be prepared to utilize 
properly the findings of science. 


6. Finally, the sciences should train the 
student in an appreciation of the long strug- 
gle man has had in developing the scientific 
age, 1.e. the history of science—the great 
names of science, 

In some respects science is a new ele- 
ment in society but as a body of knowledge 
gained by experience its roots trace back 
even to our Neanderthal man, with his 
isolated observations, superstitions, myths, 
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legends, and even fears. Here and there 
throughout human history there have been 
a few brave and courageous spirits who 
have dared to question tradition and 
authority and have sought to discover and 
test facts for themselves. These contributed 
their share to science. 

Most children are inclined to be hero 
worshippers and the stories of some of the 
great heroes of science, their personal 
characteristics, their problems, their hopes, 
their ambitions and their struggles to wrest 
from nature ler hidden secrets are most 
stimulating. The scientists of today are 
pioneers struggling at the frontiers of 
human knowledge. <A_ story of their 
methods, their difficulties and hardships 
with their accomplishments makes the story 
of science itself. 

After the preceding outline of the objec- 
tives we hope to attain in our science 
teaching and the assertion that this type of 
training will best meet the demands of our 
re-evaluated education and fit the student 
for the world of tomorrow, it will be well 
to consider some of the problems the world 
citizen must face and see how science may 
help him solve them. 


1. Perhaps the first major problem is 
that of sufficient food. 

This problem would certainly make our 
Neanderthal man feel at home. To secure 
sufficient food was one of his most impor- 
tant concerns 100,000 years ago. All other 
problems were secondary to this one. 
Today he would hear the same problem 
discussed at the conference tables. I doubt 
if we could make him understand why there 
are millions dying of. starvation today 
when science has shown us how to produce 
everything we need in abundance. What 
he knew as deserts have been made to pro- 
duce luxuriant crops through controlled 
irrigation. Animals and plants have been 
domesticated and improved to provide food. 
I wonder, however, if we could give him 
good reasons why the millions of acres of 
productive land in Asia and Europe have 
been deliberately laid waste and can not 
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be brought into production for years. I 
wonder if we can prove men are very 
intelligent when he hears that they delib- 
erately burned the storehouses of grain, 
of meats and vegetables belonging to their 
fellows merely because some violent dic- 
tator told them to do it. I wonder what 
he would think if he came to America and 
saw the senseless exploitation and misuse 
of the millions of acres of fertile farm lands 
of our country, now not able to produce 
sustenance for man or beast. He would 
doubtless ask what we planned to do about 
the matter for the future. I believe we 
would admit that we do have a program 
of conservation but that only a few of our 
people have as yet come to appreciate its 
significance. We could reassure him, how- 
ever, that with the expanded program of 
science we are advocating, every citizen 
will be conservation conscious, our soils 
will be restored, we will breed better plants 
and animals, we will discover more of the 
secrets of how the energy of the sun is 
caught and transformed by the magic pig- 
ment in the leaves of plants, and that we 
will get to understand each other better 
and outlaw war with all its devastation as 
a means of solving our problems. 


2. A second problem in the world of 
tomorrow is that of health. 

Dr. Jesse Feiring Williams of Columbia 
defines health as “the quality of life that 
renders the individual fit to live most and 
to serve best.” The strength of a nation 
or a state can be measured by the health 
of its people. Their accomplishments re- 
flect in marked degree their physical con- 
dition. Many of our social and economic 
problems arise from malnutrition, unsani- 
tary working conditions, poor housing, and 
lack of adequate public and private sanitary 
facilities. A solution of the health problem 
is therefore essential to the most effective 
attack on all other problems responsible for 
the economic and social ills that beset us. 
Our Neanderthal man would not under- 
stand when we speak of disease, infection, 
and immunity. He would still believe we 
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had only brought angry demons under 
control. He would understand however if 
he lay burning with fever after being bitten 
by a mosquito that some magic had been 
performed when we gave him a dose of 
atabrine or quinine and the fever was cured. 

Science holds out great hope for health 
in the world of tomorrow. There has been 
set up in the United Nations the World 
Health Organization. The personnel be- 
hind it are taken from all nations. There 
are no boundaries to cross, no customs to 
pass, no greed, no selfishness, no distrust 
of each other in the work of the group. 
There are no political demagogues to rant 
and rave and force their will upon the 
workers. Instead here is an army, 
equipped with the best implements for 
combat against common non-human ene- 
mies, fighting side by side all over the 
world for the good of mankind every- 
where. We might strike a balance sheet 
for their warfare to save and preserve life 
as compared with the work of the armies we 
have known in the past and the kind with 
which the Neanderthal man was familiar, 
armies to maim and destroy life. The 
present warfare is the more difficult but 
certainly can be justified on intelligent 
grounds. The United States spent 
$341 ,000,000,000 in World War II. Such 
an expenditure can and must be justified 
only so long as we continue to live at the 
level reached by the Neanderthal man, and 
conduct ourselves as he conducted himself 
in his savage state. In the world of tomor- 
row, however, man will cease to justify 
such waste on any such grounds and 
demand that similar sums be spent in 


cooperative effort against what Harlow 


Shapely calls the “non-human enemies, 


disease, pestilence, ignorance and _ the 
Tyranny of the Unknown, which have to 
this day remained unconquered and have 
held us down physically and frustrated our 


social evolution.” 


3. A_ third problem of the world of 
tomorrow is that of cooperative world 


organization. 
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I need not emphasize the necessity of 
some sort of international organization if 
We hear 
on every hand the statement that we can- 


man is to continue to survive. 


not survive an atomic war such as World 
War III would undoubtedly become. But 
can we get together and cooperate ? 
Haven't men tried to do that before? My 
answer is that we can and must try again. 
What role if any can science play in aiding 
in this sort of organization ? 

I read recently an article which brings 
out so clearly what science can do in this 
respect that I want to quote an excerpt: ' 


“Science is today the most dynamic agency for 
bringing the minds of men together. People 
everywhere are sundered and antagonized by their 
conflicting bigotries, their conceptions of virtue 
and worth, even by their criteria of beauty. But 
in science they can all reach common agreement. 
We need not urge that scientific principles carry 
a higher degree of validity than political prin- 
ciples. Nor need we belittle philosophies or 
religions or ‘superstitions’ because every tribe 
and every age has had its own exclusive brand. 
But it does seem significant enough for everybody 
to understand that what we call our present body 
ot scientific principles includes contributions from 
all peoples; that it is both being used and con- 
tinuously enlarged and refined by people of all 
nations, races, religious views; and that it is 
continuously being validated and re-appraised by 
methods that are equally available to all people 
regardless of race, nationality, or political or 
religious faith. . . . Science is .. mankind’s first 
systematic attempt to attain a clear and workable 
grasp on reality that has no secrets to hide and 
that excludes nobody. 

“At this moment in history, when delegations 
from nearly all nations are meeting to find a 
basis for keeping the human race from destroy- 
ing itself, the only groups that are able to agree 
are not the professional diplomats, not the reli- 
gious leaders, not the orators and writers and 
scholars trained in history and the humanities. 
It is the scientists alone who speak an inter- 
national language and can agree on principles 
that affect our very existence. ~ 


And the author adds: 


“The best we can do with our science teaching 
may not end war soon. But it may do much 
toward enlarging areas of mutual understanding 
and mutual consideration.” 


These. suggestions would make little im- 
pression on our Neanderthal man because 


1 Benj. C. Gruenberg, American 


Teacher, 9:4, 1947, page 104. 
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he lived long before the scientific age. His 
thinking was not adjusted to such concepts. 
Though we are living today in an age of 
science there are still countless numbers 
who are scientifically illiterate and who in 
planning for the world of tomorrow would 
understand the significance of science little 
better than would the Neanderthal man. 
Hence the responsibility for much of the 
kind of world we would like to have rests 
squarely upon the shoulders of the teachers 
of science. Our program must be enlarged 
to touch more individuals until we have 
science for everybody; our facilities must 
be improved as rapidly as we strike farther 
into the frontier ; our emphasis must be not 
only on the applications but also on the 


EVALUATING ABILITY TO 
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implications ; and our enthusiasm must be 
fanned by the fond hope and faith that 
within our hands may lie the secret of 
bringing in the “Golden Age of Man” 
the world of tomorrow. 


In the words of Louis Pasteur: 


“If you remain confounded before the marvels 
ot electric telegraphy, of anesthesia, the daguer- 
reotype, and the many admirable discoveries 
if you are jealous of the share your country may 
boast of these wonders—then | implore you, take 
some interest in those sacred dwellings mean- 
ingly described as laboratories. They are the 
temples of the future, of riches, and of comfort. 
There humanity grows greater, better, stronger ; 
there she can learn to read the works of nature, 
works of progress and universal harmony, while 
humanity’s own works are too often those of 
barbarism, of fanaticism, and of destruction.” 


RECOGNIZE DEGREES OF 


CAUSE AND EFFECT RELATIONSHIPS * 


WILLIAM B. REINER 


Bureau of Educational Research, New York City Board of Education 


Brooklyn, 


STATEMENT OF THE PROBLEM 


F. thnce aim of this investigation was to 
compare two teaching procedures with 
reference to their effectiveness in producing 
growth in the ability to recognize the de- 
gree of cause and effect relationship of 
phenomena met in the study of ninth-year 
general science. 

One teaching procedure was the regu- 
lar text-demonstration instruction; the 
other differs from this in the single respect 
of including, in addition, specific training 
in analysis of cause and effect relationships. 
The latter procedure will hereafter be 
referred to as the experimental one. The 
text-demonstration “method” will be re- 
ferred to as the control. 

sy “ability to recognize the degree of 
cause and effect relationship” is meant the 


* Based on thesis submitted in partial fulfill- 
ment of the requirements for the Degree of 
Doctor of Philosophy in the School of Education, 
New York University, 1942. Continuation of 
article with same title in Science Education 
33 :329-333, December, 1949, 


New York 


skill to classify or identify the relationship 
between two completed physical events as 
one of the three degrees or levels of causal- 
ity that are described below. 

The term “cause and effect relationship” 
has appeared frequently in the literature 
of science education in connection with dis- 
cussions on scientific attitudes, but in few 
instances has it been clearly and rigorously 
defined. For the purpose of this study, the 
following definition is adopted : A cause 
and effect relationship exists between two 
specific events, if the first always, except 
for errors of observation, is followed by the 
second in the same order of sequence. This 
definition is based on statements by John 
Dewey, Karl Pearson, William James, 
Max Planck, A. N. Whitehead, R. H. 
Stetson, and J. M. Baldwin. 

The “degree of cause and effect relation- 
ship,” also referred to as “level of causal- 
ity,” is determined by the number of events 
that intervene between a cause and its 
effect. 

Three levels of causality (direct, indi- 
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rect, and negative) were employed in con- 

structing the initial and final tests used in 

the investigation. Direct causality exists 

when no known event intervenes between a 

cause and its effect. Indirect causality pre- 

vails when one or more connected events 
intervene between a cause and its effect. 

Negative causality exists when there is no 

observable regularity in the direct or indi- 

rect sequence of two events. 

Having delimited the terms used, the 
specific questions that the study seeks to 
answer can perhaps be stated more mean- 
ingfully. They are as follows: 

1. Is the experimental teaching proce- 

dure more effective in developing 

ability to recognize different degrees 
of cause and effect relationship than 
the procedure currently employed ? 

2. Is the experimental teaching proce- 
dure more effective for pupils of 
higher intelligence than for those of a 
lower level, in- developing ability to 
recognize different degrees of cause 
and effect relationship? 

3. Is the experimental teaching proce- 
dure more effective for boys than for 
girls, in developing ability to recog- 
nize different degrees of cause and 
effect relationship ¢ 

4. Is the experimental teaching proce- 
dure more effective for developing 
ability to recognize any one of the 
three degrees of causality more readily 
than the other two for the entire 
group, for different levels of intelli- 
gence, and for boys or girls? 


BACKGROUND OF THE PROBLEM 


The history of the present problem can 
be described from a chronological point of 
view, in terms of schools of psychology, 
and in terms of its educational background. 
Chronologically, three periods stand out. 
The first, from 1751 to 1880, was pri- 
marily utilitarian, descriptive, and religious 
in its aims; the second, from 1880 to 1910 
had as its main objectives the development 
of mental discipline and sense training ; the 
third, from 1910 to the present, seeks to 
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meet the pupils’ needs for living in a 
democracy. 

The schools of psychology that influ- 
enced the development of science education, 
in the order of their emergence were the 
(1) associationist, (2) faculty, (3) salta- 
tory and serial growth, (4) stimulus-re- 
sponse, (5) motivational, (6) furctional, 
and (7) gestalt. Each of these influences 
science teaching today to some extent. 

The educational background of the prob- 
lem includes four types of studies: the 
characterization, measurement, and learn- 
ing of the scientific attitudes, and lastly, the 
comprehension of causal relationships. 

Characterization studies were made by 
Curtis, Craig, Skewes, Davis, Crowell, 
Ebel, and Lampkin. These investigators 
used the same terminology in the process 
of establishing that belief in the concept of 
“cause and effect’ relationships was an 
element of the scientific attitude. This step 
provided a necessary premise for the 
present study. 

Tests for measuring phases of the scien- 
tific attitude were constructed by Herring, 
Curtis, Downing, Noll, Davis, Blackman, 
Hoff, Howard and Robertson, and Edwards 
and Robertson. Of these, only two con- 
cerned themselves exclusively with cause 
and effect relationships. Davis’ test evalu- 
ated the ability of pupils to distinguish 
between five degrees of causal relationship. 
Howard and Robertson’s scale sought to 
determine the extent to which pupils be- 
lieved that certain relationships were 
causal in character. 

The learning of certain elements of the 
scientific attitude was investigated by 
Curtis, Caldwell and Lundeen, Weller, 
Hurd, and Lichtenstein, Blair and Good- 
son, and Eberhard and Hunter. Except 
for Caldwell and Lundeen, who limited 
their study to misconceptions, the others 
treated two or more phases of the scientific 
attitude and/or scientific thinking. 

Researches in the comprehension of 
cause and effect relationships were made 
by Piaget, Keen, Deutsche, Lacey and 
Dallenbach, and Oakes. Each described 
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the necessary factors in the development of 
the ability to reason causally. 

However, none of these studies was 
made in conjunction with a planned teach- 
ing program, as was. done in the present 
study. In the present study the pupils 
were tested for their ability to recognize 
three types of cause and effect relationship, 
after half of them (the experimental group ) 
had been taught by a_- specific teaching 
procedure. 


THE STEPS OF PROCEDURE 


The plan that was followed in this re- 
search consisted of three main steps: (1) 
the administration of the initial test, (2) the 
application of the experimental and control 
teaching procedures, (3) the administra- 
tion of a final test. Subordinate to these 
main steps was the equating of the pupils 
on the basis of two measures of learning 
potential, namely, the intelligence quotient, 
and the initial test score. In general, the 
equivalent-groups method of experimenta- 
tion was used in order to evaluate the effect 
of an experimental factor (the proposed 
teaching procedure of cause and effect 
analysis) upon a single outcome (growth 
in ability to recognize cause and effect 
relationships ). 


ADMINISTRATION OF THE INITIAL TEST 

The initial test was administered to the 
classes of both the experimental and con- 
trol groups at the end of the first week of 
February, 1941. 
regularly assigned teachers of the classes 


This was done by the 


who participated in the experiment. 
Detailed instructions for administering 
it had been given to each participating 
teacher at a conference held previous to 
the date of the test. In addition, a two- 
page mimeographed folder on the proce- 
dure to be followed was given to. each of 
them. In the left margin of this folder, 
special markings indicated the sections of 
the directions that were to be read verbatim 
to the pupils. These parts concerned them- 
selves with introducing the pupils to the 
test, explaining the directions which were 
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printed on each test paper, and illustrating 
the three degrees of cause and effect rela- 
tionship. Detailed instructions were also 
given on how to seat the examinees, how 
to distribute the papers, and how to fill in 
the personnel data. 

The pupils were allowed a full period in 
which to answer the test. This usually 
amounted to thirty-eight minutes, exclud- 
ing the time consumed in distributing the 
papers and in reviewing the directions to 
the pupils. In most cases the students 
finished before the allotted time elapsed. 


THE TEACHING PROCEDURES 


Each of the two groups was taught under 
conditions that were kept as nearly equal 
as possible. The teaching personnel was 
kept constant in that each instructor taught 
at least one control and one experimental 
class. Also kept constant for both groups 
were the content of the syllabus units of 
instruction, the time spent on each, the 
apparatus and illustrative materials used, 
the number and type of class-room activi- 
ties, such as, the mode of recitation and 
written work, and the number and type 
of lecture-demonstrations. The demonstra- 
tions were designed to illustrate objectively 
the concepts set forth in each syllabus unit 
and its sub-divisions. The problem-solving 
procedure was the one most generally used 
in teaching the classes of both groups. The 
aim of each lesson was presented in the 
form of a simple, challenging question. To 
answer it, evidence obtainable from the 
demonstration was necessary. The same 
form was used by all the pupils in writing 
up their reports of the lecture-demonstra- 
tions. First the aim or problem of the 
demonstration was written. Next, a brief 
description of the method used in solving 
the problem was given. Then a diagram 
After 


recorded. 


of the apparatus used was drawn. 
this, the 
Finally, the conclusions reached on the 
The dif- 
ference between the two teaching proce- 


observations were 


basis of these steps were written. 


dures began to operate only after the above 
steps were completed. 
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The single difference in the teaching pro- 
cedure used with the experimental group 
was that a definite instructional technique 
was applied to analyze the cause and effect 
relationships that were found to be present 
in the observation of the physical phenom- 
ena which occurred during the performance 
of the regular lecture-demonstrations. The 
control group was given no experience with 
cause and effect relationships other than 
that which is intrinsically present in the 
study of any science. 

The experimental technique of analyz- 
ing cause and effect relationships can best 
be explained by referring to the sample 
given below. It was done in conjunction 
with a lecture-demonstration that was de- 
signed to answer the problem, “How does 
heat affect the size of solids?” 

Effect: The heated ball would not pass through 
the ring. 

Cause: Ball increased in size. 
expansion. 


Heat caused the 


Evidence: Before heating, the ball was able to 
pass through the ring. After heating, the ring 
was found to be unchanged. 


each three 
columns labeled effect, cause, and evidence 
were written on the blackboard after the 
demonstration had been completed and 
pupils had written their reports of it into 
their notebooks. 


In performing analysis, 


The teachers then stimu- 
lated, guided, and directed the pupils’ 
thinking toward the goal of completing the 
analyses according to the general pattern 
of the sample above. The order in which 
each column was studied was respectively 
Each was filled 
in separately on the blackboard after the 
answer to it had been discussed by the 


effect, cause, and evidence. 


class and a general agreement on its merit 
The 
pupils were requested not to copy the 


had been reached by the members. 


analyses into their notebooks until the re- 
sponses pertaining to all three columns had 
been completely filled in on the blackboard. 

Under the “effect”? column was written 
the report of an observation made of a 
single physical phenomenon of the demon- 


stration. The teachers were instructed to 
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select for analysis those phenomena which 
they thought the pupils would find to be 
most interesting or exciting. If neither of 
these qualities were present, the teachers 
were to choose the phenomenon upon which 
the the 


pended (as in the above example). 


main de- 


The 


work of the pupils in regard to this column 


idea of demonstration 


was solely to frame and word the declara- 
tive sentence which described the effect. 

In the ‘“‘cause” column was written the 
pupil’s opinion of the cause of the selected 
phenomenon. In all cases, the cause was 
one of the physical conditions that was 
made to vary during the performance of 
the demonstration. In a few cases, as in 
the example above, two connected but de- 
pendent causes were found: Whenever this 
was the case, the causes were listed sep- 
arately and in the order of their imme- 
diacy. However, no distinction was made 
as to whether one of these was a direct or 
an, indirect cause. Another practice that 
completing the cause 
column was to accept only those responses 
which were verifiable by direct observation 
or scientific Only answers 
which the pupils could understand, in the 


was followed in 


reasoning. 


light of their science studies, were accepted. 
Although the initiative of selecting the 
effect to be studied was left mainly in the 
hands of the teacher, the burden of proof 
of the cause was put chiefly upon the pupils. 

In the “evidence” column written 
the justification for believing the cause to 
be correct. 


was 


Most of the evidence cited was 
observed 
changes in size, color, or weight (as in the 
example above). 


of a sensory nature, such as 
Other types presented 
A fact 
such as “Carbon dioxide turns limewater 


were facts and cogent reasoning. 


milky’ was cited as evidence that one of 
An illus- 


tration of cogent reasoning is, “The dish 


the ascribed causes was correct. 
alone could not give an ash. From where 
else could the mineral have come?” In 
several cases the evidence presented was 
practically the same as the cause but this 
was not considered to be unnecessary repe- 


tition because the evidence column served 


y 


mh ty 
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as a deterrent to hasty and superficial 
thinking. It also served to check on mis- 
takes in work on the other two columns. 

The supervision of the teaching that was 
done in conjunction with this investigation 
was accomplished by means of three re- 
lated procedures. Conferences were held 
with the teachers, their classes were visited, 
and printed instructions and materials were 
given to them. 


ADMINISTRATION OF THE FINAL TEST 


The final test was administered to the 
classes of both the experimental and con- 
trol groups at the end of the first school 
week of June by the regularly assigned 
teachers of each of the classes that partici- 
Each class took 
the test in the room and at the period to 
which it was regularly assigned. 


pated in the experiment. 


In every 
participating school the test was taken on 
the same day by the classes of both the ex- 
perimental and control groups. The same 
procedures were employed on the final test 
as were used on the initial test for seating 
the pupils, distributing the papers, giving 
directions; and for collecting, checking, 
and storing the papers. 


MATCHING THE PUPILS OF THE EXPERI- 
MENTAL AND CONTROL GROUPS 


Individual pupils from the control group 
were matched with individuals from the 
experimental group. This practice was 
considered to be preferable to matching one 
entire class against another because it is 
simpler and gives more accurate results.' 

Two criteria were used as the basis for 
selecting matched pairs of individuals: 
(1) the intelligence quotients and (2) the 
scores on the initial test of ability to recog- 
nize the three degrees of cause and effect 
relationships. 

A scatter diagram technique was used for 
matching pairs of pupils from each of the 
groups. On graph paper, using the Y axis 
for initial test scores and the X axis for 

1C. C. Peters and W. R. VanVoorhis, “Sta- 


tistical Procedures and Their Mathematical 
Bases,” p. 327. 
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intelligence scores, each pupil’s achieve- 
Then an 
ellipse was drawn about each most closely 


ment was plotted as a point. 


plotted pair of points (one point represent- 
ing a control pupil and one .a pupil from 
the experimental group). 

The closeness of the matching was deter- 
mined by the Critical Ratio method.* The 
difference between the control and the ex- 
perimental groups was found to be .114 
and indicates, with fair certainty, that they 
were evenly equated. 


THE EDUCATIONAL MATERIALS USED 
IN THIS STUDY 

The materials which were used to obtain 
the data on which the conclusions of this 
study are based consisted of: a bulletin of 
instructions for the cooperating teachers, a 
folder of directions for administering the 
initial test, the initial test on cause and 
effect relationships, the four units of gen- 
eral science instruction prescribed in the 
official syllabus for New York City schools, 
samples of analyses of cause and effect 
which based on the 
abovementioned four units, and the final 


relationships were 
test on recognizing the three degrees of 


cause and effect relationships. 


THE BULLETIN OF GENERAL INSTRUCTIONS 


A seven-page, mimeographed bulletin of 
instructions was given about a week before 
the date of the initial test, to each of the six 
teachers who participated in the experi- 
ment. In this, the plan of the experiment 
was outlined under fourteen topical sub- 
divisions. Such factors as the aim, the 
time to be used, the units to be taught, the 
method of analyzing cause and effect rela- 
tionships, and the cautions to be observed 
in the experimentation, were pointed out in 
detail. 

INSTRUCTIONS FOR ADMINISTERING 
rHE TES! 

The procedure for administering the test 
to the 
pupils was described in detail in a two- 


on “cause-and-effect relationships” 


2 E. F. Lindquist, “Statistical Analysis in Edu- 
cational Research,” p. 59. 
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page mimeographed folder which was given 
to each of the cooperating teachers. In- 
cluded in it were nine distinct steps, several 
of which are: the introduction of the test 
to the pupils, the distribution of the test 
papers, the filling in of the heading of the 
paper, and the reading of the directions on 
the cover sheet to the pupils. In order to 
insure uniformity of procedure, the exam- 
iners were asked to give the necessary oral 
directions only and exactly as printed on 
the procedure sheets. 


THE INITIAL TEST ON CAUSE AND EFFECT 
RELATIONSHIPS 

The initial test used in this investigation 
was designed to measure ability to identify 
the degree of cause and effect relationship 
between pairs of physical events that are 
usually met in the study of ninth-year gen- 
eral science. The test consisted of four 
mimeographed pages. The first page had 
space for the examinee to write such neces- 
sary personnel information as name, sex, 
age, and class. The remaining forty-four 
lines of this page were devoted to directions 
for taking the test and to sample problems. 
On each page, space was provided for in- 
The last three 
sheets contained twenty test items each, 


scribing the pupil’s score. 


making a total of sixty problems. 

Each test item consisted of a description 
of a pair of physical events. The sentences 
describing these events were separated from 
each other by a // typographic mark. For 
example, “A cow eats grass. The cow 
gives milk.” The pupils taking the test 
were required to state whether the condi- 
tion described in the first sentence of the 
above pair was a direct cause, indirect 
cause, or no cause of the second. The pupil 
indicated his or her answer by encircling 
one of the three letters D, J, or N, which 
were written at the left of the number of 
each question. 

THE FOUR UNITS OF INSTRUCTION WHICH 
WERE USED 
All of the classes which took part in the 


experiment studied the four units of sub- 
ject matter which are prescribed for the 
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first term of general science in the official 

syllabus for the New York City schools 

These are as follows: 

1. Air is essential for the maintenance 
of living things. 

2. Water is essential for the main- 
tenance of living things. 

3. Food supplies a!l living things with 
the materials for growth and the 
ability to do work. 

4+. The sun is the source of most of 
our available energy. 


ach unit is very broad and is divided into 
sub-units, which in turn branch off into 
dependent ideas. For example, unit one 
above is divided into several main sub-units 
such as, the composition of air, the function 
of air in breathing, and the work done by 
air pressure. Under the last-mentioned 
sub-unit there are dependent ideas such as, 
the measurement of air pressure, the varia- 
tions in atmospheric pressure, and the use 
of pumps. Similarly, each of these can be 
broken up to yield many learning situations. 

The cause and effect relationships which 
were subsequently selected for class study 
by the experimental group, were based on 
the experiences and activities which were 
suggested in the syllabus. 


SAMPLES FOR ANALYSES OF CAUSAL 
RELATIONSHIPS 


Cause and effect relationships were found 
in almost all of the ideas presented in the 
topics and sub-topics listed in the four pre- 
scribed units of the syllabus. In all cases 
these relationships were selected from sci- 
ence situations that were necessarily pres- 
ent during the performance of the lecture- 
demonstrations which were suggested in the 
syllabus. These were arranged in the same 
order in which they appeared in the sylla- 
bus. 

An example of an analysis of one of these 
cause and effect relationships is given below. 
Effect: <A film of moisture forms on the surface 

of the polished can. 
Cause: Moisture in the air. 
Evidence: 


Low temperature. 
Other shiny objects in the room that 
were not as cold as the can, did not acquire a 
film of moisture. 
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TABLE I 


Tue Gains MADE 


BY DIFFERENT Groups IN RECOGNIZING 


AND EFFrect RELATIONSHIP 


Degree No. of Cases 





of lane, 
Group Causality Exp. Con. 
Exper. and Control Direct 169 169 
Indirect 169 169 
Negative 169 169 
Intelligence 
* Upper Level Direct 44 53 
Indirect 44 53 
Negative 44 53 
* Middle Level Direct 47 64 
Indirect 47 64 
Negative 47 64 
* Lower Level Direct 45 52 
Indirect 45 52 
Negative 45 52 
Sexes 
Boys Direct 68 91 
Indirect 68 91 
Negative 68 91 
Girls Direct 91 78 
Indirect 91 78 
Negative 9] 78 


* Upper Level includes 1.Q.’s 109-153. 
Middle Level includes 1.Q.’s 99-108. 
Lower Level includes 1.Q.’s 76-98. 


THE FINAL TEST 

At the close of the sixteen week teach- 
ing period, a final test of ability to recog- 
nize the degrees of cause and effect rela- 
tionships was given to all of the classes 
which took part in the experiment. It con- 
tained seventy-eight items, sixty of which 
comprised the entire initial test and eighteen 
of which were new ones. The new items 
differed in the single respect that the first 
sentence (describing the cause) was fol- 
lowed by several statements (describing 
various effects). This is illustrated by the 
following example: 


Muddy water is poured through a 


filter. 

DIN _ 1. The taste of the water 
changes. 

DIN _ 2. Germs in the water are 
killed. 

DIN. 3. The filter becomes cov- 


ered with mud. 


The respondent was required to indicate 





EACH OF THE THREE DEGREES oF CAUSE 
Mean 
Total Gain Mean Gain \dvantage 
—— — — - = — = ‘ 
Exp. Con. Exp. Con. Exp. Con, 
971 988 5.746 5.846 .100 
1133 1000 6.704 5.917 .787 
1008 955 5.964 5.651 .313 
262 344 5.954 6.491 537 
315 347 7.159 6.547 612 
271 322 6.159 6.075 084 
276 348 5.872 5.438 434 
321 407 6.830 6.359 .471 
299 378 6.362 5.906 456 
248 300 5.511 5.769 258 
264 251 5.867 4.826 1.041 
253 256 5.622 4.923 699 
376 507 5.529 5.571 .042 
498 558 7.324 6.132 1.192 
458 524 6.735 5.758 .977 
537 481 5.901 6.166 265 
572 442 6.286 5.666 620 
493 431 5.421 5.526 105 


whether the action described in the sentence 
preceding the typographic mark is a di- 
effect 
described in the subsequent numbered sen- 


rect, indirect, or no cause of each 


tences. To do this, the examinee had to 
encircle one of the three letters at the left 
D, I, and N are the 
respective abbreviations for direct, indi- 


of each given effect. 
rect, and no (causes). The method of se- 
lection and validation used in the construc- 
tion of the above-described causality test 
will be discussed in Part II. 
Statistical Findings* 
The principal findings may be summa- 
rized as follows: 
1. The experimental group which was 
taught by the proposed teaching pro- 


* Though some of the differences stated in the 
findings are inconclusive, they are presented for 
the purpose of giving a complete summary. A 
more detailed presentation of the statistical sig- 
nificance of the findings will be found in the 
Journal of Experimental Education, June, 1947, 
Vol. 15, pp. 324-30. 
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cedure made greater gains in the 
ability to recognize cause and effect 
relationships. Its advantage over 
the control group was equal to 1.347 
sigmas. 

The proposed technique resulted in 
larger gains for the pupils of each 
of the three intelligence-levels con- 
sidered in this study. The slowest 
pupils profited most and the bright- 
est pupils least, in recognizing cause 
and effect relationships. The sigma 
score gains for the lower, middle, 
and upper intelligence-levels were 
respectively 1.006, .907, and .131. 
Boys and girls of the experimental 
group exceeded the gains of the cor- 
responding sexes of the control. 
Boys taught by the proposed pro- 
cedure had an advantage of 1.908 
sigmas whereas girls had a superi- 
ority of .054 sigmas over their con- 
trol counterparts. In both groups, 
boys surpassed girls in growth in 
the criterion skill. 

Growth in ability to recognize indi- 
rect and negative causal relation- 
ships was greater for the experi- 
mental group. A_ superiority of 
1.749 sigmas in the former and of 
.835 in the latter degree of relation- 
ship were achieved by it. 

In recognizing direct causal rela- 
tionship, the control group showed 
an advantage of .284 
growth. 


sigmas in 


Growth in the skill to recognize in- 
direct and negative cause and effect 
relationships was greater for the ex- 
perimental group pupils of all the 
three levels of intelligence. 

The upper intelligence-level showed 
an advantage favoring the experi- 
mental group, in its ability to recog- 
nize indirect and negative causal re- 
lationships, by .840 and .112 sigmas, 
respectively. 

The middle intelligence-level’s ex- 
perimental group surpassed the con- 
trol in respect to growth achieved 


10. 


a 
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in ability to recognize all three de- 
The 
sigma score differences were .576 for 
direct, .559 for indirect, and .598 
for negative degree recognition. 


grees of causal relationships. 


The lower intelligence-level experi- 
mental group exceeded the control 
in growth in recognizing indirect 
and negative relationships, by sigma 
differences of .940 and .951 respec- 
tively. 

The upper and lower intelligence- 
level control groups made superior 
growths in recognizing direct causal 
relationships. The sigma differences 
were .676 and .318 respectively. 
Boys of the experimental group 
achieved greater growth than those 
of the control in the recognition of 
indirect and negative causal relation- 
ships, the sigma differences being 
1.532 and 1.648 respectively. 

Girls of the experimental group 
achieved greater growth than those 
of control in the recognition of in- 
direct causal relationships ; the sigma 
difference .957. The control 
group girls, however, made greater 
gains in recognizing direct and nega- 
tive relationships, the differences be- 
ing respectively .439 and .118 sig- 
mas. 


was 


Boys excelled girls in the gains made 
in recognizing indirect and negative 
relationships. 
the respective gains were 
1.408 and 2.393 sigma scores, and 
for the control .671 and .385. 


For the experimental 
group 


Girls 
excelled boys in direct causal rela- 
tionship recognition; in the experi- 
mental group by .587 sigmas and 
in the control by .985. 

The correlation between the intelli- 
gence quotients and the measurable 
growth in the ability investigated 
was so low that it was statistically 
unreliable. The coefficient of corre- 
lation for the experimental group 
was .114 + .055 and for the control 


170 + .067. 
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Conclusions 


On the basis of the findings presented 
above, it seems defensible to draw the fol- 
lowing conclusions : 


1, 


to 


The proposed procedure of systematic 
analysis, by the pupils, of causal re- 
lationships in the physical phenomena 
observed in the demon- 
strations in ninth-year general science, 


class-room 


results in a slightly greater growth 
in their ability to recognize cause and 
effect relationships of the indirect de- 
gree than is obtained by the currently 
employed procedures where causal re- 
lationships are taught concomitantly 
and/or the 
measurable difference in favor of the 
proposed procedure is not statistically 
reliable. 


passively. However, 


Pupils who are untrained in what 


constitutes causal relationship 


more likely to interpret two incon- 


are 


sequent events as being in a direct 
causal sequence. The evidence in 
support of this conclusion is the ex- 
cessive choice, by the untrained con- 
trol pupils, of the direct degree of 
causality in their answers and their 
consequently higher scores on the di- 
rect causality items. 

The fact that pupils of both groups 
made scores on the initial test that 
were substantially above zere, on 
causal relationships which they had 
never been taught before, indicates 
that the ability to recognize the three 
degrees of cause and effect relation- 
ship exists to a certain extent in 
ninth-year pupils by virtue of their 
previous school and home experi- 
ences. 


The fact that all the classes of the con-- 


trol group made some gain in the abil- 
ity to recognize causal relationships 
indicates that this ability is probably 
to some extent a concomitant out- 
come of the study of general science, 
under the conditions met in this ex- 
periment. 


The fact that a low coefficient of cor- 
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relation exists between intelligence 
and growth in the ability to recognize 
the three degrees of causality indi- 
cates that this skill is probably a dis- 
crete one and is not identical with in- 
telligence. It cannot be assumed that 
intelligent pupils will always surpass 
duller ones in this ability. 

From the obtained data it seems rea- 
sonable to assume that the proposed 
teaching procedure will probably be 
relatively more effective with the 
pupils of the lower third of intelli- 
gence than with those of the upper 
third of intelligence. 

The proposed teaching procedure is 
slightly more effective with boys than 
it is with girls in respect to develop- 
ing ability to recognize indirect and 
negative degrees of causal relation- 
ship. However, the measurable dif- 
ference in favor of the boys group is 
not statistically reliable. 

It may not be assumed that ability to 
recognize the three degrees of causal 
relationship in science situations de- 
velops in high school pupils solely as 
the result of maturity. No consistent 
relationship was found between age 
and growth in ability to recognize 
The 


involving 


cause and effect relationships. 
number of experiences 
causal relationships, whether in school 
or outside, probably determines the 


extent of growth in this ability. 


II 


FOR MEASURING ABILITY TO RECOG- 


DIFFERENT DEGREES OF CAUSE 


AND EFFECT RELATIONSHIP 


The test described below was constructed 


for the purpose of evaluating pupils’ ability 


to recognize each of the three degrees of 


causality (direct, indirect, and negative). 


Name (last) 
Pref. Class 
. Boy or girl 
Sci. Class 
Teacher 
Age last birthday 
. Date of birth mo........ eee Pe, 
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(Do not fill in these spaces) 


Each 


DIRECTIONS 


question in this exercise has two parts. 


Your job will be to judge how closely they are 


tied together. 


Both parts are true statements. 


They are separated from each other by a // mark. 


If the 


first part directly causes the second part, 


draw a circle around the letter D. 


If the 


first part indirectly causes the second 


part, draw a circle around the letter I. 


If the 


first part is in no way a cause of the 


second part, draw a circle around the letter N. 


This 1 
simple. 


nay seem difficult, but it really is quite 
You'll understand it much better by 


reading the examples below. 


DIN 


DIN 


Remin 
PART « 


no cause 


A boy hits a bell with a 
The bell makes a ringing 


Example 1. 
hammer. // 
sound. 

Explanation: The first part (a boy 
hits a bell with a hammer) is the direct 
cause of the second part. Nothing else 
happens between the hitting and the ring- 
ing of the bell. The second part directly 
follows as a result of the first part. 
Nothing else happens in between.’ The 
first part is a direct cause. Draw a circle 
around D. 

Example 2. A kettle of water boils. // 
A window pane in the same room be- 
comes cloudy. 

Explanation: This is an example of an 
indirect cause. The first part (a kettle 
of water boils) causes the second part, 
but several other things happen in be- 
tween. For example (1) The water 
vapor goes into the air. (2) The win- 
dow pane must get cold enough. (3) The 
water vapor must reach the cold window. 
Then only will the second part (a win- 
dow pane in the same room becomes 
cloudy) happen. Several things happen 
between the first part and the second part. 
The first part is therefore an indirect 
cause. Draw a circle around I. 
Example 3. A boy scratches his head. 

A window across the street is broken. 


Explanation: The first part (a boy 
scratches his head) does not cause the 
second part. The window was broken 


by some other cause. If the boy scratched 
his head a thousand times, he couldn't 


break the window. Draw a circle 
around N, 
der: You are to decide if THE FIRST 


»f each question is the direct, indirect, or 
of the second part. At the top of each 


page, you will find a reminder of what D, I and 


N mean. 


DIN 


WORK CAREFULLY! 


1. An iron bar is held in a strong flame 


NI 


io 2) 


10. 


18. 


19, 


J 20. 


. A cow 


. Sunlight 
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for ten minutes. 
red hot. 

A shooting star falls to earth. // The 
stars in the sky twinkle. 

eats grass. // 


‘/ The iron bar gets 


The cow gives 
milk. 


. Carbon dioxide gas is bubbled through 


lime water. // After this has gone on 
for. a few minutes, the lime water 
turns milky in color. 


. The moon blots out the sunlight from 


certain parts of the earth. 
of the earth is slowed up. 


The speed 


. A glowing splint is placed into a jar 


containing pure oxygen gas.// The 
glowing splint bursts into flame. 

A steamboat takes on 1000 tons of 
coal.// The hull of this boat sinks 


further into the water. 


. Compressed air is forced into a closed 


tank filled with water. // The water is 
forced out. 

reaches the earth. // The 
earth revolves around the sun. 

A dog eats food. // The dog builds up 
new protoplasm. 


. The North Star is seen overhead at 


the North Pole.// The North Star 
does not send much light or heat to 
the earth. 


. The switch of a vacuum cleaner is 
turned on.// The vacuum cleaner 
draws dust into its bag. 

A storm moves along the Atlantic 


coast. // The weather on the Pacific 


coast is very calm. 


. Cold iron filings are sprinkled one 


foot above a candle flame. // The iron 
filings glow when they reach close to 
the flame. 
A ball of 


fluffy cotton burns very 


quickly. //.A tight lump of cotton 
burns slowly. 
. The windows and doors in a class- 


room remain closed for a full period.// 
Pupils sitting in this room become 
drowsy. 


A man eats food.// His body gives 
off heat. 
Leaves absorb carbon dioxide from 


the air. // Leaves manufacture starch. 
Burning sulphur is put into a bottle 
of pure oxygen. // The flame becomes 
much brighter. 

Sunlight falls on a meadow 
the spring and summer 
Good crops are gathered there at har- 
vest time. 

A plant gives off water vapor. Its 
leaves use sunlight. 

\ plant receives plenty of sunlight. 
The plant grows taller. 


during 


seasons. 


. Vitamin D aids the growth of bone. 


Vitamin A maintains the health of 


most body membranes. 


24. Corn is planted during a full moon. 








= 
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29. 


30. 


31. 
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39, 


40. 


41. 


43. 


44. 


46. 
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The corn crop that year is very good. 
A’ piece of steel wool (brillo) is 
wet. //It rusts, after being left in 
the sink over night. 


26. Two wires, connected to a_ battery, 


are dipped into water which contains 
a few drops of acid. Subbles of gas 
are given off at the end where each 
wire dips into the water. 

A wish is made upon seeing the first 
star in the sky. // The wish 
true. 

A girl forces her breath through a 
glass tube that is dipped into four 
ounces of clear lime water. // The 
lime water turns milky-white. 

A window is opened at the top. 
Warm air rises. 

The handle of a water pump is pushed 
up and down a few times. // Water 
comes out of the pump. 

A copper wire turns black after being 
rusted in air.// A copper wire turns 
black after being burnt in air. 

A boy eats a starchy food. // His 
body absorbs sugar from it. 


comes 


ss 


. A chemical action occurs in a storage 


battery which is wired in a circuit to 
an electric bulb. // Light energy is 
given off by this bulb. 

Drinking water is passed through a 
filter of sand.// All the germs in the 
water are destroyed. 


. A wind blows from the north. // The 


velocity of the wind increases. 

Steam heat is turned on in a room. // 
The air near the ceiling is warmer 
than the air near the floor. 

A mercury barometer is taken to the 
top of the Empire State building. 
The level of the mercury sinks below 
what it was on the street. 
Illuminating gas is lighter than air. 

It is burnt in gas stoves. 
Water flows downhill. 
ditches are formed. 
Falling water turns an electric gen- 
erator. // Electric elevators lift people 
to the tops of skyscrapers. 

A plant pushes its roots down into 
the soil. // Water is present four feet 
under the ground. 


Gullies and 


. An open water tank is exposed to the 


sun for five hours. 
sure at the 
increases. 
Air is pumped into an automobile 
tire. // The tire gains in weight. 
lodine is added to.a starch solution. 
The solution turns purple. 

Sunlight is concentrated by a lens on 
a piece of paper. // The paper begins 
to burn after a few seconds. 

A boy eats fruits and 
tables. // Vitamins are 
body cells. 


The water pres- 
bottom of the tank 


leafy vege- 
stored in his 
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D I N 47. Smoke rises from a chimney. Air 
was used in burning 

DIN 48. An athlete in a race breathes in large 
quantities of air.// His body becomes 
very heated. 

DIN 49. A glow of light from.a fire-fly goes 
on and off. The fire-fly is seen and 
disappears with each glow 

DIN 50. A sheet of lead is hammered. The 
lead gets warmer. 

DIN 51. The sun rises.// The dew on _ the 
grass begins to evaporate 

DIN 52. A beam of light flashes on the screen 
in the “movies.” // Many dust par- 
ticles are seen in this beam of light. 

D I N 53. A piece of wood is put into a tank of 
water. The water rises to a higher 
level in the tank. 

DIN 54. The sun helps wheat to grow 
Field mice eat wheat 

DIN 55. Alum is added to muddy water. 
The water turns clear several minutes 
later. 

DIN 56. A plant grows taller The soil in 
which it grows, changes color. 

D I N 57. Nitric acid and the white of an egg 
are heated together The egg white 
turns yellow. 

D | N 58. Food is chewed. Food is absorbed. 

D I N 59. The air pressure gets low in New 
York and high in Boston. A wind 
blows from Boston to New York. 

DIN 60. A tree takes in water at its roots. 


The leaves turn yellow in the autumn. 


In the following examples, the first part is fol- 
lowed by several OTHER parts 


Your job is to find out if the 


first part is a 


direct cause or an indirect cause or if it is not 
a cause of the other parts that follow it 


Answer each question by putting a circle 
around D or I or N. 

EXAMPLE: \ kettle of water boils 
(FIRST PART) 
DIN 1.A window pane in the same room 

becomes cloudy. 

DIN _ 2. Steam rises from the kettle. 
DIN _ 3. The gas burns. 
DIN 4. The air in the room becomes damp 


Muddy water 


DIN 


D I N 62. Germs in the water 


6l. 


is poured through a filter 
of the water changes. 


are killed 


The taste 


DIN 63. The filter becomes covered with mud. 


A girl chews a cracker. 

D IN 64. The cracker is broken into smaller 
pieces. 

D I N 65. The starch in the cracker changes to 
sugar. 

DIN 66. The girl gains energy from the 
cracker. 

D I N 67. The cracker is salty. 


A piece of (very cold) dry ice is put into a 
shiny tin can. 
D I N 68. The size of the can increases. 
D I N 69. The can becomes very cold. 
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DIN 70. A film of ice forms on the outside of 
the can. 


A child is put into a bath tub that is half filled 
with clean water. // 

D I N 71. The child’s body is made cleaner than 
it was before. 

D I N 72. The child breathes in oxygen. 

D I N 73. The level of the water in the tub 
rises. 

The sun shines on the water of a lake. // 

D I N 74. The water of the lake is warmed. 

D I N 75. Many springs empty into the lake. 

D I N 76. Waves move over the surface of the 
lake. 

The motor of a vacuum cleaner is started. /, 
D I N 77. Dust is removed from the rug where 

the vacuum cleaner is standing. 
D1N 78. A noise is heard from the vacuum 
cleaner. 

The scoring of both tests was done on the 
basis of one point for each correct answer 
with no part credit allowed on any item. 
Errors and omissions were treated alike; 
no points were given. No statistical weight- 
ing for “guess-answers” was done since 
the questions required decisions about 
cause and effect, statement of relationships, 
and classification. To answer this type of 
question considerable hypothesizing is often 
necessary and if a poor hypothesis or guess 
leads to a wrong decision, the penalty 
should be no greater than the reward for 
the use of a correct hypothesis or guess. 
Then too, the necessity for weighting 
guesses becomes less important if sufficient 
time is allowed the pupils to complete the 
test, as was the case here. 

The items of the initial and final tests 
were based on the content of the four units 
of the official New York City science sylla- 
bus for the first half of the ninth year. Of 
the sixty items on the initial test, the num- 
ber devoted to each unit was: (1) nineteen 
on air (2) eleven on water (3) twenty on 
the sun (4) ten on food. 

The number of items on the initial test 
pertaining to each of the three degrees of 
causality was practically the same. Nine- 
teen were of the direct level, twenty were 
indirect, and there were twenty-one of the 
negative type. Considerations of validity, 
difficulty, and unit requirements strongly 
influenced the ultimate distribution of the 
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items in respect to the factor of causality 
levels. 

The final test differed from the initial one 
only in that it had eighteen additional items. 
Of these, the distribution according to the 
number and topic of each syllabus unit was 
(1) five on air (2) six on water (3) three 
on the sun (4) four on food. For each of 
the three levels of causality there were six 
pertinent items. 

The numbers of the items whose answers 
are D (direct causality) are 1, 4, 6, 7, 8, 
14, 19, 26, 28, 37, 43, 44, 45, 49, 50, 53, 
55, 57, 59, 63, 64, 69, 73, 74, 78. The 
items whose response was J (indirect caus- 
ality) are 3, 10, 12, 15, 17, 18, 20, 22, 25, 
30, 32, 33, 36, 39, 40, 46, 48, 51, 52, 58, 
61, 65, 66, 70, 71, 77. The N (no caus- 
ality) items are 2, 5, 9, 11, 13, 15, 21, 23, 
24, 27, 29, 31, 34, 35, 38, 41, 42, 47, 54, 
56, 60, 62, 67, 68, 72, 75, 76. 


SELECTION OF THE ITEMS 

All of the items which were used on the 
initial and on the final test were selected 
only after they had been found to measure 
up to four separate validating criteria. 
None of the resulting items, therefore, had 
to be discarded in the final statistical treat- 
ment of the test scores. Only those items 
were chosen which met the following stand- 
ards: 

1, The physical phenomena described in 
it must be included in the course of study 
as outlined in the official New York City 
science syllabus for the first half of the 
ninth year. 

2. Seventy-five per cent agreement of a 
jury of at least six experienced teachers 
must be reached regarding the correct re- 
sponse, the language clarity, subject diff- 
culty, and syllabus representativeness of 
each item. 

3. The internal validity index of each 
item, as determined by Holzinger’s formula, 
must be at least .20. 

4. The difficulty index of each item as 
determined by the percentage of the pupils 
who correctly answer it, must be more than 
.10 and less than .90. 
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The syllabus for the first half of the 
ninth year was thoroughly searched for 
statements of physical situations and phe- 
nomena; these were then listed in their 
order of occurrence in each unit, topic, 
or sub-topic. Subsequently, they were re- 
examined to eliminate useless duplication. 
After this was done, a sentence was writ- 
ten which, when paired with the one which 
dealt with the phenomenon from the sylla- 
bus, stood in a cause-and-effect relation- 
ship to it. The statement from the sylla- 
bus usually described a cause, the other 
one described an effect. The sentences 
which were used to complete the couplets 
in each test item were limited to those 
whose content was thought to be compre- 
hensible to the pupils and also within the 
range of their experience, though not neces- 
sarily mentioned in the syllabus. The time 
and/or place of each part of the couplet 
had to be contiguous otherwise the question 
could not be approached from the stand- 
point of efficient causation. Many com- 
pleted items were considered to be unfit 
because they were patently either too diffi- 
cult, too simple, or too far removed from 
pupil experences. 

The paired describing the 
cause-and-effect relationships were then 
sent to a jury of experienced science teach- 
ers in order to obtain a more objective 


sentences 


opinion of what were the correct responses. 
Each juror was asked to answer each item 
and to point out those which were consid- 
ered to be undesirable from the basis of 
clarity of language, representativeness of 
the syllabus, and comprehension difficulty. 
For an item to be acceptable, its answer had 
to be agreed upon by at least seventy-five 
per cent of the jury. When criticisms of 
items were made, the suggestions were 
acted upon and the item was revised and 
then submitted to the jurors. 

The test items that survived the critics’ 
judgment were then put into a mimeo- 
graphed format, with the test directions 
carefully stated, and were given to the 
pupils under regular examination condi- 
tions. A further check on the language 
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difficulties of the test items was made by 
administering the test to over two hundred 
science and non-science pupils of the eighth 
year. In addition the items on the prelim- 
inary forms were discussed with pupils in 
ninth year general science classes and many 
valuable criticisms of sentence structure 
and terminology were obtained. Three 
trial forms were given in various schools of 
New York City to five hundred and sixty 
pupils. In no cases were these pupils later 
used as subjects for the experiment. Two 
hundred and nineteen questions were sub- 
mitted to the jury of experts. They ap- 
proved one hundred and thirty-two of these. 
After internal validity trials, eighty-three 
items survived, of which five were dis- 
carded in order to even out the distribution 
of questions according to causality levels 
and syllabus units. 

Several of the recognized procedures for 
improving the validity of a test were ap- 
plied. In arranging the order of the test 
items, eight of the least difficult ones were 
placed at the start in order to instill the 
pupils with confidence; the spatial pattern 
of the answers was made irregular so as not 
to give clues to the correct responses ; the 
order of the topical content of the items 
was mixed up so as to keep the pupils inter- 
ested; apparent verbal clues were avoided ; 
and reminders of the directions were 
printed at the top of each page of the exam- 
ination folder. 


DIFFICULTY INDEX 

The difficulty index of each test item was 
calculated by finding the percentage of cor- 
rect responses made to it on the preliminary 
forms. An upper limit of ninety and a 
lower limit of ten per cent, in line with the 
generally accepted practice in test construc- 
tion, was used in deciding which items 
would be retained. This corresponds to a 
standard deviation range of plus or minus 
1.28 and eliminates the extreme areas of 
the normal distribution curve. The pro- 
cedure followed in obtaining the index of 
difficulty consisted of first marking all 
the items on all the trial test papers and 








then checking on a tally sheet the number 
of times each item was correctly answered. 
The index for each item was calculated by 
dividing the number of pupils who an- 
swered it correctly by the number who 
attempted to answer it. 


THE INTERNAL VALIDITY INDEX 

The internal validity or consistency of 
each test item was calculated by means of 
Holzinger’s formula,’ and is expressed in 
terms of a decimal index which ranged from 
.20 upwards. This index is a measure of 
how well each item discriminates between 
those pupils who do and those who do not 
possess ability in the trait or skill under 
examination. It is calculated by contrast- 
ing the success, with each item, of the bet- 
ter and poorer talented fourths of the total 
group of examinees. To procure the data 
needed to calculate the index by means of 
Holzinger’s formula, the following pro- 
cedure was used: 

(1) All the items on all the examination 
papers were marked. 

(2) The marked papers were consecu- 
tively arranged according to the number 
of correct answers they contained. 

(3) The twenty-five per cent of the total 
papers with the greatest number of correct 
answers were selected from the pack. The 
same was done with the fourth having the 
lowest scores. 

(4) A count was made of the number 
of correct responses to each item by those 
who were in the upper quarter on the total 
score as well as for those who were in the 
lower quarter. 

(5) The number of times each item was 
incorrectly answered on the papers of the 

1F, Swineford, “Validity of Test Items,” 
Journal of Educational Psychology, 27 (January, 
1936), pp. 68-78. 
gy — (Ret Wi) —(Wet Ri) 

1/2 N 
Ru and R: represent the number of correct items 
respectively in the upper and lower fourths of the 
total group. Wu and W: represent the number 
of wrong items in the upper and lower fourths 
respectively. N is the total number of test papers 
considered. 
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upper and lower fourths was calculated by 
subtracting the number of correct items 
from the total. 

(6) The 
answered and incorrectly answered by the 
upper and lower fourths were substituted 
in Holzinger’s formula. 


number of items correctly 


(7) The internal validity index for each 

item was calculated. 
RELIABILITY INDEX 

The reliability index of the initial test 
was found to be .88 plus or minus .013 
and that of the final test .91 plus or minus 
009. Each was determined by correlating 
the scores of the odd with those of the even 
numbered items of the respective tests and 
then applying the Spearman-Brown proph- 
ecy formula to the derived r._ The index of 
reliability was obtained by calculating the 
square root of the corrected r of the pre- 
ceding step. The odd-even method was 
used instead of any other because adminis- 
trative limitations made it impossible to 
repeat each test shortly after it was given. 
Furthermore, the final and the initial test 
had sixty questions in common and giving 
the preliminary test a second time would 
have induced too great a practice effect for 
the final test. 

Ruch and Stoddard? state that it is 
almost impossible to define, except in a 
rough way, “what is a satisfactory degree 
of reliability”, though they cautiously state 
that a reliability coefficient of .90 to .94 is 
high; one of .80 to .89 is fairly high; and 
one of .70 to .79 is rather low but adequate 
for group measurement. On the basis of 
these standards the tests described above 
can be considered to be quite adequate since 
the reliability coefficients for the initial and 
final tests were .78 and .84 respectively. 
Reliability is the degree to which a test 
measures what it does measure, regardless 
of what it may be claimed to measure; it is 
that aspect of validity which deals with the 
accuracy of the test as measuring instru- 
ment. 

2? Ruch, G. M., and Stoddard, G. D., Tests and 


Measurements in High School Instruction. World 
Book Company, 1927, pp. 55-56. 
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NUCLEAR ENERGY IN HIGH SCHOOL PHYSICS COURSES 


B. FRANK GILLETTE 


School of Education, Stanford University, Stanford, California 


_ four years after the explosion of 
atomic bombs over Hiroshima and 


Nagasaki and some months after the dis- 


closure of marked developments in facili- 


tating the peace-time utilization of nuclear 
' we find that the typical physics 
class in an American high school gives 
little attention to this dramatic phase of 
energy. An examination of a very thor- 
ough and mechanically-excellent physics 
textbook published in 1948 reveals only 
slight attention to the subject—and at the 
end of the book where few students ever 
arrive! In another excellently-prepared 
textbook published in 1949, there is a total 
of fourteen (but near the middle 
of the book this time!) devoted to a chapter 
entitled “Electricity and Atomic Energy.” 
Furthermore, in both of 


pages 


these textbooks 
only the physical concepts of atomic energy 
are treated 


and philosophical ramifications and only 





no attention is paid to social 


little concern is shown for the peace-time 
possibilities of this war-hastened research. 

A piece of educational research * com- 
pleted at Stanford University during 1949 
was centered around this problem. Ruther- 
ford sent a carefully-worded questionnaire 
to a sampling of 149 physics instructors 
He then 
interviewed eleven college staff members 


in California secondary schools. 


(from both Education and Physics depart- 
ments), and finally made a careful study 
of physics textbooks and courses of study. 
The the 
amount of “lag” which one might suspect. 
Little time for 


results of his research show 


nuclear energy is allotted 


1 Although there are fine distinctions between 
“atomics,” “atomic energy,” and “nuclear energy,” 
these terms are used interchangeably in this 
article. 

2F. James Rutherford, “The Status of Atomic 
Energy in Secondary School Science Curriculum,” 
unpublished M.A. Thesis, Stanford University, 
1949. 
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by the teachers reporting, and a narrow- 
ness of treatment characterizes the prac- 
tices of those few teachers who stated that 
their 


they did consider the topic with 


classes. Among the eleven college pro- 
fessors interviewed, one stated positively 
that atomic energy should not be consid- 
The 


attention 


ered in high school physics courses. 
that 
should be given to the problem, but the 


other ten believed some 
suggestions for the amount of time and 
the inclusion of social and philosophical 


Mr. 


and 


inyplications varied considerably. 


Rutherford’s study of textbooks 
courses of study confirmed the conclusions 
stated above for the two recently-published 
textbooks. 

When one examines the reasons for this 
paucity in treatment of atomics in high 
school physics courses, one appears to find 
ration- 
that they 
do not know enough about this phase of 


a mixture of excuses, alibis, and 


alizations. Some teachers say 


physics; others say there is no room in 


the course for new topics; and still others 
say that high school students are not able 
to comprehend the concepts involved in a 
study of nuclear energy. The third ration- 
alization is quite unsound, because properly 
developed nuclear energy generalizations are 
not any more complicated than a consider- 
ation of molecular motion and the change 
of a substance from the physical states 
of gas, liquid, and solid. The second alibi 
relating to insufficient time is ridiculous. 
Functional education has always provided 
for the substitution of more-necessary con- 
tent for less-necessary content. (Physics 


and other sciences themselves crowded 
some of the classical languages out of the 
curriculum. ) 

The first excuse is really an honest one, 
and capable of solution. Let us consider 


what recourse physics teachers—and others 
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—have in building up their understanding 
In the first place, 
magazines have 


about nuclear energy. 


many popular recently 
published non-technical articles on the sub- 
ject. 


the forest” before the physics teacher exam- 


‘ 


These are useful chiefly for “seeing 


ines the trees. Usually, these articles are 
colorful, generalize perhaps a little danger- 
ously, but do have the advantage of giving 
a broad view. 

A second valuable source of understand- 
ing is in the excellent materials distributed 
One of the best 
of these is a set of six charts and a booklet, 


by commercial concerns. 


sent by Westinghouse * for the reasonable 
charge of one dollar. A physics teacher 
could obtain an excellent insight into the 


A third 


way to provide growth is by organizing an 


topic by studying these materials. 


“Atomic Energy” curriculum-development 
committee within the school itself. Since 
consideration of atomics is not exclusively 
vested in physics classes, a curriculum- 
planning committee may be drawn from 
other science and social studies teachers. 
This was done at Highland Park, Michi- 
gan, with fruitful results from the series of 


3“Nuclear Physics Charts” with 32-page sup- 
plementary book. School Service, Westinghouse 
Electric Corporation, 306 Fourth Ave., P.O. Box 
1017, Pittsburgh 30, Pa. 
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workshops, conferences, and study. The 
teachers learned content as well as method- 
ology of teaching atomics. 

A final method of gaining insight is by 
enrolling in a college-sponsored workshop 
during a summer session or at some time 
when a considerable number of hours may 
In such an 
atomic energy workshop, teachers would 


be devoted to the problem. 


learn what nuclear energy is and how the 
important concepts can be taught to high 
school students. Probably it should be 
taught by a staff member from the depart- 
ment of education, but members of the 
science departments should be brought in 
as consultants and to deliver certain tech- 
nical lectures. Such a workshop is now 
being planned for the summer of 1950 at 
the School of Education, Stanford Uni- 
versity. With an enrollment limited to a 
maximum of 30 students, however, such 
a workshop needs to be repeated on many 
campuses to accomplish much good. 

Whatever the means, however, some- 
thing must be done to (1) sell the idea 
of teaching nuclear energy in high school 
classes, and (2) develop understandings 
in teachers of the basic content of this 
highly dramatic and important area of 
science. We have delayed far too long 
as it is. 


COLLEGE DEGREE REQUIREMENTS FOR TEACHERS OF 
ELEMENTARY SCIENCE 


ErnNEstT E. 


SNYDER 


State Teachers College, Florence, Alabama 


HIS report was prompted by an article 
by George G. Mallinson in a recent 
Mallinson 
brought out the rather startling fact that 


in thirty-two states it is possible for a 


issue of Science Education.' 


teacher to be certified to teach in the 
elementary grades without having had any 
courses in science in college. This was 


1 Mallinson, George G., “State Requirements 
for Certification of Teachers of Elementary Sci- 
ence,” Science Education, 39:289-291, October, 


1949. v 
33., of 


based on the certification requirements of 
the Departments of Public Instruction of 
the various states. 

In an effort to supply additional data 
relative to the amount of science instruction 
required of prospective elementary teachers 
the requirements of a sampling of teachers 
colleges were studied. Recent 
(1948 or 1949) 
and examined with the purpose of deter- 


catalogs 
were chosen at random 


mining the amount of science required in 
the four year elementary curriculum. The 
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sixty colleges studied are located in thirty- 
four states and for the most part are state 
institutions whose primary function is that 
of teacher education. 

The following facts were determined as 
a result of the study: 


1. The average amount of science re- 
quired for the four year elementary 
curriculum is 13.6 quarter hours. 

2. Only two of the sixty colleges do not 
require science in any form. 

3. Forty-three colleges require that the 
science be general biological and 
physical science “survey” courses. 

4+. Three colleges include a course in 
methods of teaching science in the 
elementary school as part of the sci- 
ence requirement. 

Apparently the colleges have not waited 

for the state departments to require them 

to include science instruction in their cur- 
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ricula. The low requirements quoted by 
the state departments probably are due in 
large degree to the wartime emergency 
certification and the present limited certifi- 
cation occasioned by the general shortage 
of teachers at the elementary level. 

Although the data presented above indi- 
cate that the picture is not as dark as may 
at first be supposed there is still a great 
need for improvement. The 13.6 quarter 
hours of science representing the average 
requirement is only about 7 per cent of 
the total number of hours necessary for 
graduation. Considering the importance 
of science in modern life the amount of 
science required of the elementary teacher 
probably should be increased to at least 
15 per cent of the 192 quarter hours. This 
would provide thirty quarter hours of 
science divided between general biological 
and physical science and science teaching 
methods. 


FINDING COMMON PURPOSES IN SCIENCE EDUCATION 


ALEXANDER FRAZIER 


Phoenix Union High Schools and Phoenix College, Phoenix, Arizona 


N EVERY field in the secondary school, the 
geal of finding common purposes 
faces the conscientious teacher; yet in no 
field is the problem more perplexing than it 
is in science. As soon as a school has three 
or more teachers of science, that is, as soon 
as specialization of teaching becomes pos- 
sible, there tends to arise within the field 
itself a compartmentalization that is little 
less rigid than that which exists between 
legitimately separate subject matter fields. 
With division comes, in too many cases, a 
whole complex of behaviors, a complex that 
we may call separatism. Under this com- 
plex, the teacher who holds professionally 
that without urity of purpose, science edu- 
cation cannot be all that it must be. is 
threatened with a frustration that can be- 
come permanently damaging both to per- 
sonality and to teaching. 

What separatism does to the teacher who 


is not professionally conscious of the obli- 
gation to meet the needs of all his students 
can be even more acutely tragic, even 
though not fully understood by him. The 
intellectual isolation; the jealousy of more 
popular, or eten in some cases of less 
popular, special sciences; the contempt for 
the teachers ot survey or required courses 
and for their students by those who have 
students by selection; the fear and uneasi- 
ness of those whose students are all the 
students or most of the students, whose 
purposes, of necessity, are not those of the 
specialists} the dwelling apart, the growing 
inward, the stagnation that follow separa- 
tism in science education—all are too fre- 
quently found to require further description. 

That which we may consider with pos- 
sible profit is what one teacher can do, in a 
school where such purposes are not yet 
recognized, to find common purposes in 
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science education. Such a teacher, we may 
assume, cannot live apart professionally 
and feel either competent or content; he 
must work with a sense of personal respon- 
sibility to bring himself and his colleagues 
into a state of understanding and common 
resolution. To this end, he is willing to 
devote himself to the study of the tech- 
niques of working together, to the study 
of strategies of approach. His belief in the 
worth of unity, both personally and pro- 
fessionally, is so great that he can accept 
rebuff and delay in the conviction that out 
of growth in understanding only can come 
self-respect and group competence. To 
such a science teacher, and the number like 
him is large, these remarks are addressed. 

What is involved in beginning to work 
together under circumstances _ tending 
toward separatism in science education? 
If we wish to think of it in terms of prob- 
lems, we may identify several, the solution 
of which seems to be central to success. 

How can the individual teacher become ac- 
quainted with the objectives and methods of his 
colleagues ? 


How can he acquaint others with his own 
understanding of the 
education ? 


purposes of science 


How can he initiate the practice of sharing 
responsibility for the entire science program? 

How can he encourage his colleagues to unite 
in working continuously for common ends? 

What is involved in working as a group in 
science education ? 


Approaching the task with such ques- 
tions as these in mind, the conscientious 
teacher may feel that the size of the chal- 
lenge is almost beyond him, especially as 
he may be coming into a situation that is 
new to him, but has had a long history of 
separatism. For the teacher, then, who 
wishes to advance in the solution of these 
questions of how to work together but who 
feels that he must have help in planning a 
step-by-step approach, we intend to be con- 
crete in suggesting a number of ways in 
which he can initiate and encourage the 
working together of his colleagues in the 
science department. 


Visiting other classes. Pride in his work 
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characterizes any able teacher, regardless 
of how narrow his purposes may be. The 
physics teacher in the urban high school, 
with his total daily enrolment of sixty 
students, may feel that peculiar kind of 
contempt for humanity in general and even 
for a good many of his highly select enrol- 
ment that seems to go with separatism in 
this branch of the sciences; he may con- 
ceive of his function as that of educating 
what he may 1efer to as the “top three per 
cent.” Yet even he, given the chance to 
get down to particulars, is happy to reveal 
the tricks he has learned by which he can 
turn out in fair shape a boy with a notable 
deficiency in mathematical preparation. 
The teacher who hangs onto the one class 
in advanced biology and whose dead cats 
are treasured by the school newspaper may 
have a method of teaching her students to 
ink their drawings which she would show 
other teachers with more than a little 
pleasure. Too often, in either case, the 
teacher will have had no adult to talk to 
about his “prided practices” since the first 
vears of his teaching. A little real curi- 
osity and a warmth of appreciation will be 
sufficient in most cases for the opening up 
of the secret heart. From such beginnings 
of confidence, much can come. 

Inviting visitation. In return, as a proof 
of the good faith that must inform all 
attempts to forge unity from the disparate 
elements of the science department, the 
teacher with a mission has the opportunity 
to invite other members of the department 
into his classroom. Demonstrations, re- 
ports, exhibits—whatever he feels would 


a special invitation—may be used as the 
excuse to get reactions to the possibly dif- 
fering approaches and objectives that these 
classroom visits might reveal. Arranging 
such visits may require some foresight, in 
selection of a free period or a time when 
the visitor can free himself from super- 
vision of 


laboratory work for fifteen 


nunutes. 
3ut the building of common professional 
experience as a basis for discussion of ways 
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of working together must justify whatever 
pains such arrangements may involve and 
whatever the disappointment that must 
sometimes come when a point that should 
have been made fails to hit its mark. 
Actual personal unpleasantness as well may 
occasionally become part of the picture, 
particularly to begin with, when the suspi- 
cion may arise that the would-be host is 
trying to show off. Still, the missionary 
cannot be unduly sensitive. He must ex- 
pect to suffer a little. The important thing 
is that he should not allow himself to enjoy 
that suffering and in his turn become an 
isolate. 

Sharing professional reading. Science 
education probably is more seriously handi- 
capped by a lack of organized professional 
thinking at the secondary school level than 
is any other of‘ the subject fields. The 
tendency has been for science teachers to 
ally themselves with organizations of a 
scholarly nature where research becomes 
the major matter of discussion rather than 
to groups that have as their first obligation 
a consideration of the objectives of science 
education in the high school. The bulk of 
articles written each year on science teach- 
ing is made up of reports of how to “put 
over” some rather minute aspect of one of 
the sciences. The continuous reexamina- 
tion of whether what is being done is worth 
doing that is characteristic of the more 
cohesive and self-critical subject fields is 
conspicuously lacking in science education. 
When the infrequent commissions are set 
up for study of science education they are 
likely to be heavily weighted by repre- 
sentatives of the science divisions of col- 
leges and universities. 

Thus one of the divisive factors that 
operate against the -building of common 
purposes is the lack of communication 
among science teachers outside as well as 
in the school. Helping to locate what little 
of basic value there is to be found and 
sharing it locally, may be one of the devices 
for use by the teacher who is trying to build 
toward unity. Articles in educational 
magazines, books that deal with secondary 
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school education and incidentally with the 
role of subject matter in it, the occasional 
statements that are being made today by 
distinguished men of science, scholars of 
the sort that science teachers are accus- 
tomed to hold as their leaders, on the place 
of school science in preparing for an under- 
standing of the atomic area—these are 
readings that can be collected and circu- 
lated by the teacher who may wish to pro- 
vide points of reference in his local 
campaign. 

Asking assistance in stating course ob- 
jectives. As he progresses in his work of 
building a basis of communication among 
members of his department, the teacher 
may use the device of asking for assistance 
in the stating of purposes for the units or 
courses that he is modifying as any good 
teacher must in terms of his concept of 
science education. What are the generali- 
zations on this particular topic that | 
should expect students to hold and be able 
to apply in subsequent study? he may ask. 

Inarticulate as they may long since have 
become, his colleagues will nonetheless 
possess, even if only through practice, well- 
defined sets of purposes for each of their 
Actual state- 
ments in printed courses of study, pub- 


units of work or courses. 


lished perhaps a good many years past and 
stored away with other relics of better 
days, may be unearthed as time goes on 
and serve as the basis for suggesting a joint 
restatement of purposes. At any rate, 
working in such manner with those 
teachers who are handling the same courses 
as he, may give our teacher his first formal 
opportunity for bringing different points of 
view to bear upon a specific topic. 

His chief problem at this stage of his 
campaign is to avoid trying to impose his 
own philosophy upon his colleagues. He 
must accept the fact that their philosophies 
What he is after 
is to make the opportunity for all of these 


will remain their own. 


philosophies, his and theirs, to come to- 
gether for reconstruction into a common 
philosophy, one that all will help to build 
and that all will accept; one that will, 
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finally, in an increasing number of instances 
come to supersede any purely personal 
divergence of opinon. This central phi- 
losophy, a matter of compromise as it may 
be and narrow as it is bound to be to begin 
with, is to become the symbol of group 
work 





and can never remain static as long 
as it remains the focus of group effort. It 
will grow as individuals grow, and that 
growth is the promise of hope for the 
teacher whom we are advising. 


Asking assistance in stating general 
purposes. The time must eventually come, 
in his campaign, when our teacher may go 


beyond seeking with 
those colleagues who are teaching the same 
courses. One of the devices by which he 
may approach the other members of the 
department is through seeking aid in the 
statement of his personal philosophy of 
science How elaborate this 
statement should be will depend upon the 


cooperation only 


education. 


circumstances; it may run from a few 
general objectives that the teacher con- 
siders paramount, to a manuscript that 
attempts to find unity among all the phases 
of high school science. Just now, it might 


well be an attempt to collect from the 
advice of leading workers in the field o 
atomic energy statements what they thir\ 
to be the science needs of layman and th 
specialist in the new world ahead. |! 
might be geared, again, to the place of 
science in general education, with reference 
to such recent publications of wide discus- 
sion as Education for All American Youth, 
the Harvard The 
igh School. 


Getting other teachers, all the teachers, 


Report, or American 


to bring their private viewpoints to bear 
upon a matter that may at first seem to be 
of no more than individual concern may 
open up the possibility of distributing the 
amended statement to all members of the 
department or even of meeting together for 
its consideration. It may inspire other 
persons in the group to try their hands at 
a similar project—or to bring out of their 
files copies of similar attempts that they 


may have collected. At any rate, it will 


ScIENCE EDUCATION 


[ Vor. 34, No. 1 


have provided a common experience for 
the group, even though it will not have 
been group-originated and even though 
each member may have considered it sep- 
arately. If it can become group property 
somewhere along the line, it will more than 
have served its purpose. 

Gaining administrative and supervisory 
interest. A next step may be that of com- 
bining with some other teacher or teachers 
in the department on a project that will 
involve supervisory or administrative inter- 
handled 
cautiously, however, since it may appear 


est. Such a device must be 
to be seeking assistance or direction beyond 
the department on terms that the rest of 
the teachers would not be willing to accept. 
The project chosen should obviously be 
one in which not all the teachers are prop- 
erly concerned. It might be the prepara- 
tion of a program for the Parent-Teachers’ 
Association on the problems of nutrition, 
in which the’ making of charts or slides 
might give rise to the need for technical or 
financial the de- 
Or the project might be the 
taking of pictures and the writing up of 
an unusual approach to the student build- 


ine 


assistance from outside 


partment. 


f models in chemistry class, where the 


prepcration of an article for publication 
night iegitimately involve supervisory 


personnel. 

Whatever its nature, the project should 
provide an opportunity for cooperation 
involving at least two teachers and some- 
one from outside. On the basis of such 
experiences in cooperation, an awareness 
of the possibilities, the creative possibilities, 
of group work will grow, both in the de- 
the 


What has given teachers rewards for shar- 


partment and in school or system. 
ing in a small way should serve to suggest 
the that 


would arise were the sphere of cooperation 


opportunities for satisfaction 
large enough to include all the teachers. 


Supervisory and administrative concern 
with smaller projects in cooperation will 
prepare the way for such concern in larger 
projects. 


Meeting together on common ground. 
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With the groundwork for cooperation pre- 
pared, the entire group of teachers must 
be brought together for a full consideration 
of common problems. Teachers unused to 
working in this manner will respond most 
readily to the kind of cooperation that 
promises immediate assistance on problems 
of which they are already aware. Locat- 
ing such problems is not difficult; several 
may be mentioned briefly. 

Organization of the use of audio-visual 
aids is a problem with which all teachers 
in the science department are of necessity 
concerned. Interest of the group may be 
aroused by the proposal of a plan that may 
promise increased efficiency in the order- 
ing of films or economy of space in the 
storage of models. Consideration of the 
training of student projectionists within 
the department, if the school does not 
already provide this service, may be a 
second approach here. 

Another problem of common interest is 
that of budgeting for supplies and equip- 
ment. The practice of individually and 
separately repeating annually the budget 
requests of the previous year, restoring 
hopefully each time the items that have 
been eliminated, may have become habitual. 
Yet every teacher will have a number of 
vague wants and less vague irritations that 
he would be glad to share as a basis for 
more than talk. Working out together 
what the group agrees to be a satisfactory 
budget for current supplies and perhaps 
deciding upon a five-year plan for the 
acquisition of equipment needed separately 
and the presentation of this budget as a 
group can do as much as anything to build 
group morale. 

An attempt to survey the testing pro- 
gram of the science department may serve 
as another issue for joint action. With 
the growing concern on the part of the 
public over the role of science education 
and the expressed fears of scientists that 
the talent pool has been allowed to run 
low during the war years, the opportunity 
to plan a program to locate potential talent, 
perhaps in the local elementary schools, 


FINDING COMMON PURPOSES 3 


un 


and to ensure progressively that this talent 
is being adequately trained, may form a 
program for common action. Setting up 
the objectives toward which students are 
to be educated and locating or construct- 
ing tests in terms of these objectives as a 
check on the effectiveness of teaching, may 
become one of the major phases of the 
work of the science department as a unit. 
Experimentation with types of testing could 
be a part of the picture. 

Planning for increased effectiveness in 
guiding students into science courses may 
also serve as a focal point for initiating 
group thinking. Frequently one of the 
trouble-spots even under a highly self- 
conscious science program, the channeling 
of the right students into the right courses 
in a loosely-knit department is always a 
pressing problem. Publicizing within the 
school the differences between courses, the 
sequence of courses, necessary for the gain- 
ing of certain pre-professional learnings, 
and the values of survey or general courses 
demands unity of action. 

Other easily identifiable and fairly con- 
crete common problems could be named, 
among them the use of laboratory experi 
mentation, the use of community resources, 
and the general public relations program; 
but for our purposes, enough has been said 
to indicate the kind of common concerns 
that can result in group action, that can 
bring satisfaction to the separatist through 
group work and prepare him for adven- 
tures in broader cooperation. 

Advancing at group rate on common 
objectives. Once the teachers in the 
science department have been brought 
together, have learned to function as a 
group, then the satisfaction of the teacher 
of whom we are speaking is really to begin. 
The hard work, the planning and maneu- 
vering, the rebuffs and misunderstandings 
and disappointments in planning—all these 
will have justified themselves as the group 
begins to move into a consideration of the 
major aspects of science education as alert 
teachers working everywhere today have 
defined them. 
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Yet there are bound to be disappoint- 
He 
must understand that first attempts to con- 


ments that will still face our teacher. 


sider together the personal and social needs 
of students as these relate to science edu- 
cation, for example, will not be as produc- 
tive of changes in attitudes of the whole 
group as they may be for individual mem- 
bers of the group. Planning to adjust the 
local science program to meet an increased 
understanding of these needs may at first 
move slowly. Cooperating with other sub- 
ject fields in the areas of health and con- 
sumer education may not be immediately 
satisfying. Even attempts to build a set of 
over-all objectives or to become intimately 
acquainted with the purposes of each course 
comprising the science program may seem 
tentative. 

However, it is in the process of growth 
that hope lies. Without the group, our 
teacher must remember, there could have 
been little progress at all. Slow the group 
may be and must be at first, but its growth 
will come. Continuous, joint concern for 
common problems is the medium of growth. 

What the group believes in and works 
for, again, may never be all that the indi- 
vidual teacher may feel that it should be. 


STATUS OF THE NATURAL SCIENCE TEACHER IN 
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His sphere of personal action may always 
continue to be in advance of group under- 
standing. This fact, too, that the group 
grows at a rate of its own, may require of 


him an adjustment. But once he has 
worked through all the stages of prepara- 
tion that are necessary to bring group- 
action into being as an effective agency, he 
will be the 


between personal and group goals. 


difference 
He 
will be properly proud of what he has 
helped to create. 


ready to accept 


Only as the science department works 


together can the needs of student and 
society be met ; the need for unity in under- 
standing and purpose is imperative for 
professional success. Moreover, from the 
standpoint of mental hygiene, it is only as 
the teachers of science in a school can build 
a common viewpoint and work within it, 
that satisfactory personal adjustment can 
be assured for each teacher. Separatism 
The 


enlightened teacher, the teacher with in- 


in science education is its curse. 
sight, must accept a responsibility for what 
is in effect, a kind of in-service training. 
The 


holds here as well as in the larger fields of 


doctrine of personal responsibility 


social progress. 


NEGRO 


HIGH SCHOOLS IN LOUISIANA 


J]. WARREN LEE 


Southern University, Baton Rouge, Louisiana 


faba report is based on questionnaires 
and visits (24) made during the second 
the school 1947-1948. 


The major purposes were to collect data 


semester of year 


on the status of science teaching in Negro 
high schools in Louisiana; to utilize the 
1 


data to improve the natural science! pro- 


gram at Southern University, and finally 
1In this paper, Natural Science will include 


the following: biclogy, chemistry, general science 
and physics. 


to improve instructions in Negro high 
schools in Louisiana.” 

Questionnaires were sent to sixty (60) 
colored high schools in the Louisiana Edu- 
cational Directory 1947-1948. Of those, 
forty questionnaires were completed and 
returned by thirty-eight schools. Twenty- 
four of the schools reporting were schools 

2 State Department of Education of Louisiana, 


Louisiana School Directory (1947-1948), pp. 
80-95. 
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offering grades 1-12. Twenty of the 
number were state approved, and _ state 
accredited; thirteen were approved only; 
three were unapproved.*® Of the 38 report- 
ing, only 3 were approved by the Southern 
Association of Colleges and Secondary 
Schools. About sixty-six and six-tenths 
(66.6) per cent of the questionnaires were 
returned. In terms of geographical loca- 
tion of the schools, the sizes, classification, 
accreditation, areas of science taught, the 
answers are representative enough to give 
some idea of the status of the natural 
science teachers. 


NATURAL SCIENCES OFFERED 


Table I shows that seventy-three natural 
science courses are listed as follows: gen- 
eral science 49.3 per cent, biology 27.3 per 
cent, chemistry 19.2 per cent, and physics 
4.2 per cent. It is obvious that too few 
Negro high schools in Louisiana teach 
physics. This can be alleviated by the 
addition of physics in the senior year of 
high school. The State Department of 
Education has suggested the expansion of 
natural science courses being taught in high 
schools.* 


TABLE I 
NATURAL ScIENCE Courses TAUGHT IN NEGRO 
HicH ScwHoors 1n LovuIsIANA 





Subject Number Per Cent 
General Science ........... 36 49.3 
Gans wis g bed hbo 20 27 .3 
ER aly a oa Gene nes 14 19.2 
IOC GS ax 5 csienceci os 3 4.2 

Sree ree 73 100.0 


NATURAL SCIENCE TEACHERS 


The data show that -most of the natural 
science teachers are employed on a part- 
time basis. Only seven of the teachers 
reporting were full-time natural science 


3 For differences between state accredited and 
approved high schools, see Ninety-third Annual 
Report of the State Superintendent of Education, 
Bulletin 495 (1943), p. 16. 

4 Tbid. 

5State Department of Education, Science 
Courses in Louisiana High Schools, Bulletin 
Number 305 (October, 1935), pp. 11-23. 
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teachers, while twenty-eight were part- 
time teachers in the field. Two of the full- 
time teachers had additional administrative 
duties. 

The part-time teachers are called upon 
to teach a variety of related and unrelated 
subjects. The courses are listed as fol- 
lows: mathematics, home economics, civics, 
physical education, English, history, health, 
guidance, geography and library science 
according to Table II. About 20 per cent 
of the natural science teachers are certified 
in fields other than science. Table IV 
shows that 30.0 per cent are certified in 
science ; 15.0 per cent in biology; 15.0 per 
cent in home economics; 10.0 per cent in 
elementary education ; 7.5 per cent in chem- 
istry ; 7.5 per cent in social science; 5.0 per 
cent in vocational agriculture ; 2.5 per cent 
in health and physical education and 2.5 
per cent in mathematics. A recourse to 
Table II shows that 53.8 per cent (21) 
science teachers are required to teach 
mathematics, and only 2.8 per cent are 
certified in that field. It is significant that 
the natural science teachers are usually 
called upon to teach mathematics, a subject 
in which they are inadequately prepared. 


TABLE II 


Supyects TAUGHT By TEACHERS OrHER THAN 


SCIENCE 
Subject Number Per Cent 
1. Mathematics .......... 21 53.8 
2. Home Economics ...... 10.2 
ES ae es womans a 3 7.7 
Se 3 7.7 
i scsise'ys Sas Kees De 2 Suk 
Sa 2 5.1 
fi ES eee 1 2.6 
NN kis ods scenes 1 2.6 
i NE sv iesceewe l 2.6 
10. Library Science ....... 1 2.6 


The teachers instructing the natural 
sciences are fairly well trained. According 
to the data, 3 have Master of Arts degrees 
in arts, 27 have Bachelor of Science degrees 
in science, and 6 have Bachelor of Arts in 
arts. Twenty-five of these received their 
degrees from Southern University. Some 
of these with Bachelor’s degrees have done 
graduate work in some of the leading uni- 





38 ScIENCE EDUCATION 


Table III 


shows that eighteen are certified in natural 


versities’ of the United States. 


TABLE III 


TEACHER'S CERTIFICATES HELD BY TEACHERS 
REPORTING 


Subject Number Per Cent 

o. e Go at sas on cheers 12 30.0 
ee eee error 6 15.0 
3. Home Economics ...... 6 15.0 
ee ae 3 7.5 
5. Sete: Derewice ......%5. 3 ie 
6. Elementary Ed. ....... 4 10.0 
a ae 2 5.0 
8. Vocational Agriculture.. 2 5.0 
9. Health and Phy. Ed.... ] 2.9 
10. Mathematics .......... 1 ae 

ee 40 100.0 


sciences, while sixteen are certified in un- 
related fields, and only one in the related 
field, mathematics. . Not only are they cer- 
tified to teach in other fields, but their col- 
lege training was concentrated in unrelated 
fields, according to Table IV. 


TABLE IV 


Major OF TEACHERS IN COLLEGE 


Subject Number 
ee eee 12 
B, PROWME COMORES on. ois cn sc ceecns 6 
RS EER Arr pe pean Ran ree 6 
NINES Ss .crale < dip creed einadip 3 
Dace CONOR 6 vs xtaniew nesses 3 
6. Secondary Education ............ + 
7. Elementary Education ........... 2 
8. Vocational Agriculture ........... 2 
9. Health and Physical Education.... 1 
SUL NOR 5 open ca ence ceewn mae 1 

WG oe ceulsau chews caren se 40 


TABLE V 


EXPERIENCE OF TEACHERS 


Range Average 

Type by Years by Years 
On Present JOD 5.60.2 cscenss 1-26 5.42 
Teaching Natural Sciences.. 1-26 6.25 
Total Experiences ........... 1-26 8.5 


Data show that the natural science 
teacher in Negro high schools in Louisiana 
are fairly well experienced, according to 


Table V. 


science from one to twenty-six years, with 


They have been teaching natural 
2 > 


an average being 6.25 years. According to 


the data, eleven of the teachers reporting 
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have taught ten or more years. Of this 


number, seven have remained in _ their 
present position for ten or more years. 
Only six teachers were beginners. That 


they have taught in other schools is indi- 
cated by the fact that the average time spent 
on the present job is 5.42 years, while the 
average of their total experience is 8.5 
years. 

The in-service training of teachers was 
checked by two means: (1) professional 
literature read, and (2) membership in 
and attendance of professional organiza- 
tions. The 40 teachers listed 55 periodicals 
as the number that they had read regularly 
during the last year. This represents the 
average of 1.37 periodicals per teacher. 
Most of the periodicals listed were rather 
general, and could not be considered as pro- 
fessional periodicals (see Table V1). 


TABLE VI 
PERIODICALS READ REGULARLY BY Two or More 
OF THE TEACHERS REPORTING 


Periodical Number 
L. DCMe GE fone sccww seca ow 10 
2. Science Newsletter .............. 8 
3. Someone Timtested ..caccaccvsiess 8 
; SOOM DMN od sin iwancaov nnn 7 
RE er ren ee re ree 7 
i PD oo ow cw Pitas o caeeaied act Gs 4 
Fi cous cousmer rene wa bene + 
ee ls. 26. Bals ob 6 web anne esede 3 
P. BTS TIE. i back oS wscces 2 
10. Popular Mechanics .........200s- 2 


TABLE VII 


NUMBER OF PROFESSIONAL Books READ DwuRING 
Past YEAR BY NATURAL SCIENCE TEACHERS 
in Necro HicuH ScuHoots 1n LOUISIANA 


Number of 


Number of Books Teachers 


| NER SRR Ae ee ge Se 2 
Ee ee rrr eer ee reer 2 
RRNA AR eee es a 6 
SONNE neces Garckmn an emanates c dae wee 3 
Oe A AE eee ae 27 


The teachers reported 29 professional 
books were read during the past year, an 
average of 0.72 book per teacher. Table 
VII that 67.50 cent of the 
teachers failed to list any in answer to the 


shows per 
question concerning the number of profes- 


sional books read. This indicates a very 
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scanty use of professional books, since the 
natural science teachers read less than one 
book per teacher. Curtis found that the 
majority of the science teachers in the 
Secondary School in the North Central 
Association read _ professional literature 
only occasionally.® 

Most of the teachers (30) are members 
of the Louisiana State Teachers Associ- 
ation, and attend the yearly meeting of the 
organization. However, only four are 
members of National Professional Organi- 
zations and those do not attend meeting 
regularly. 

TABLE VIII 


MetHops Usep Most sy ScIENCE TEACHERS IN 
Necro HicgH ScHoors 1n LovISsIANA 


Number of 


Method Used Times Listed 


ree ee ae oe 16 
SS ee 13 
Ee rae oon kes coed ee sears 12 
CREE Ee pen 14 
eee l 
Special Assignment ............. 1 
RE Ee Tes Sly dicckeae ae de ] 
Reading Current News .......... l 
Se ee oe l 
NE ee l 


The majority of the teachers resort to 
traditional methods in teaching natural 
sciences, according to Table VIII. The 
methods are listed as follows: field trips, 
demonstrations, lecture, recitation, oral 
discussions, special assignments, forum, 
reading current news, special reports and 
workbooks. It is obvious that the lack of 
equipment and materials forced the natural 
science teachers into the field. Much can 
be learned from properly planned field trips 
(see Table XI). This method can be fruit- 
ful in biology, where frequent, well-planned 
trips are essential. On the other hand, 
chemistry and physics are not so well 
adapted to frequent field trips. The weather 
in Louisiana permits field trips throughout 
the year. Demonstrations, lectures, and 
recitations are also favorite methods of nat- 
ural science teachers (see Table VIII). 


6 Science Education, XVII (February, 1933), 


pp. 1-11. 
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TABLE IX 
Types oF SUPERVISION RECEIVED BY SCIENCE 
TEACHERS IN NEGRO SCHOOLS IN 
LOUISIANA 


Number of 
Types of Supervision Times Listed 


Occasional Visits by Principal 


(Twitt Ber Year)... ..scs005%. aS 15 
Visits by Supervisor (Twice per 

NOE Ba nis's © 4m wie ba Kone 15 
PS oo cisco ah. a 10 


Occasional visits by Superintendent 


th bo 


Occasional visits by Jeanes Teachers 


The teachers of natural sciences in 
Louisiana receive little supervision. Table 
IX shows that 34.0 teachers listed occa- 
sional visits by principal; 34.0 visits by 
supervisor; 22.7 none; 4.75 occasional 
visits by Jeanes Teachers. The data show 
that the science teachers have little super- 
vision. This may be responsible for the 
apparent lack of interest shown by some of 


the natural science teachers in the state. 


TABLE X 
Visuat Ar Faciities Usep py NATURAI 
SciENCE TEACHERS IN LOUISIANA 


Visual Aid Number 
NE ES, Ee et ee Pee ee 31 
Moving a peer ers 5 
Lantern Slide Projector 7 


sae 


-*) 


Natural Science teachers have resorted 
to the use of visual aids, but too infre- 
quently (Table X). The visual aids are 
listed as follows: Charts 67.3 per cent, 
moving picture machine 10.8 per cent, lan- 
tern slide projector 15.0 per cent, and 
posters 6.5 per cent. It can be clearly 
observed that there is significant need for 
more visual aid equipment in the teaching 
of natural science. Arnspiger,’ Watkins,° 
and Rulon” have stressed the importance 
of visual aids (film) in the teaching of 


7 Dissertation fer the degree of Doctor of Phi- 
lesophy, Contribution to Education, No. 565. 
New York: Teachers College, Columbia Univer- 
sity, 1933. 

8 The Educational Screen, X (May, 1931) 
135-137, 156-157. 

® The Nation’s Schools, XII (November, 1933), 
31-34. 
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science. It has been shown by Rulon,’® 
that in terms of retained achievement, the 
film-supplement procedure was 35 per cent 
more efficient than the non-supplement 


method. 


TABLE XI 


Pros_eMs Listep By NATURAL SCIENCE TEACHERS 
IN Necro HicGH ScHooLts In LOUISIANA 


Problems Number 
Pe ee re en 19 
ee A ene 13 
Lack of Laboratory Space ........... + 
Lack of Interest in Natural Sciences.. 5 
Poor Reading Ability................ 2 
Lack of Necessary Time for Labora- 

DN UNE cdsrcilad ex's » Sasenewe Oi mw. 2 
Overcrowtied Cinases ... ccscccccscs 2 
Lack of Knowledge of Mathematics. . 1 
Students Cannot Follow Directions... 1 
Difficulty in Teaching Photosynthesis. . 1 
RO Ee ee ee 1 
Limited Reference Books ............ 1 
Solving the Chemical Problems....... 1 
Writing of Chemical Equations....... 1 
Ester GE BEICTOROONE. ..< ccccecrecsnccs 1 
IN OD os iin wd areca Dawe Gia 1 
FOOS BOCKOTOURE 6.4.05 scewecsascess 1 


The major problems encountered by the 
natural 
schools are listed as follows: lack of equip- 
ment 33.3 per cent, lack of materials 22.8 
per cent, lack of laboratory space 7.0 per 


science teachers in Negro high 


cent, lack of interest in natural sciences 8.7 
per cent, lack of necessary time for labora- 
tory work 3.5 per cent, overcrowded classes 
3.5 per cent, and poor reading ability 3.5 
per cent. The natural 
blame students, school administrators and 


science teachers 
community, and fail to mention the teacher 
as the possible problem. It is important to 
observe that 40 teachers listed only 57 
problems, or 1.42 problems per teacher, 
The data 
show that 23.9 per cent of the teachers 


may suggest a teacher problem. 


failed to list problems encountered in teach- 
ing. 
of equipment at the top of the list of prob- 
lems the natural 
science teachers took refuge to the out-of- 


However, those reporting listed lack 
encountered; many of 


doors (field trips) because of the lack of 
facilities. 


10 [bid. 
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SUM MARY 


that 
general science, biology, chemistry and 
physics are found in the majority of the 
Negro high schools in Louisiana. There 
is a definite sequence of the four subjects 
taught in the Negro high schools. This 
sequence includes general science in the 
ninth grade, biology in the tenth grade, 
physics or chemistry in the eleventh grade.” 
However, physics was taught in only one 
of the public high schools reporting. It 
appeared in two other occasions in reports 
of two private high schools. 


1. The data of this study show 


2. According to the data, the majority 
of natural science teachers in Negro high 
schools are employed on part-time basis. 
They must teach subjects in unrelated 
fields. 

3. The majority, 67 per cent of the 
teachers have received their 
undergraduate training at Southern Uni- 
versity. Three of the natural science 
teachers have earned Master’s degrees. 
Ten others have completed a few hours of 
graduate work. 


reporting, 


4. They have been teaching an average 
of 8.5 years, but have been teaching natural 
science for 6.25 years. 

5. They read 1.37 periodicals, per nat- 
ural science teacher, regularly during the 
past vear but only a few or none of which 
were of professional nature. They read 
less than one" hook per teacher during the 
same period. 

6. The teachers are 
usually members of the Louisiana State 
Teachers Association. In the majority of 
the cases, they attend the annual meeting 
of that organization. However, too few 
are members of regional and national pro- 


natural science 


fessional organizations. 
7. They usually teach without lesson 
plans or state course outlines. They, also, 
frequently make field trips without prop- 
erly planning the objectives of the trip. 
Xil 


11 Science Education, 


pp. 1-11. 


(February, 1933), 




















THE VALIDITY OF THE QUESTIONNAIRE 


H. J. Epwarp AHRENS 
Long Beach, California 


HE author, working with the late Dr. 

George W. Hunter of the Claremont 
Graduate School, in 1947 undertook the 
project of determining the objectives of 
science education in the secondary schools 
of California.[i,2]. A broad coverage of 
the state was desired so that the results 
would be typical of California as a whole. 
In a study of this type three methods 
of research were considered for obtain- 
ing the information desired. These were: 
(1), interview of individual teachers, (2), 
observation in the classroom, and (3), 
questionnaires sent to teachers. Recogniz- 
ing its overuse and weaknesses the third 
method was chosen because the other two 
were considered to be prohibitive in respect 
to both time and expense. 

As the questionnaire is probably one 
of the most common means of collecting 
data for research studies the question arose 
as to just how valid the results of the 
method are. 

Smith [3] points out that approximately 

one out of every four theses of 
graduate students is based on informa- 
tion gained through questionnaires.” 
Whitney [4] in his book, The Elements 
of Research, believes that this method of 
investigation is poor because of its bad 
reputation and deficiencies. In further 
discussion he points out that the ques- 


tionnaire can give reliable and valid in- 
formation if certain requirements are met 
in its formulation. In meeting these 
requirements Whitney refers to a score 
card made by the National Education 
Association to which answers of “yes” or 
“no” are given to the evaluation which 
follows : 
a. Is the questionnaire adequately sponsored? 
b. Is the purpose of the study frankly stated, 
and is it one which calls for a_ reply 
under the policy set up for dealing with 
questionnaires ? 
c. Is the questionnaire on a worthy educa- 
tional topic? 
d. Is the questionnaire well organized? 





e. Are the questions clearly and_ briefly 
worded ? 

f. Can most of the questions be briefly an- 
swered with a check mark or a fact or 
figure, and is the number of questions 
requiring extensive subjective replies kept 
to a minimum? 

g. Is the information requested not available 
elsewhere, and obtainable only through 
questionnaire ? 

h. Is the questionnaire set up in proper me- 
chanical form? 

i. Are the demands of the questionnaire 
reasonable ? 

j. Is a summary of results or other proper 
return promised respondents? [5] 


Guy M. Whipple [6] gives the following 
criteria to be met in formulating a ques- 
tionnaire : 


1. It should be within the comprehension of 
those who answer it. 

2. It should demand a minimal amount of time. 

3. It should solicit unequivocal replies, espe- 
cially if these are later to be subjected to 
statistical treatment. 

4. It should be directed primarily to matters 
of ascertainable facts and less often to mat- 
ters of opinion. 

5. It should deal with matters that are worthy 
of investigation, and that will seem to the 
recipients to be worthy of investigation. 

6. Although demanding only brief replies, it 

should stimulate supplementary communica- 

tion from the recipients. 

It should promise the respondent a copy of 

the published results. 


“I 


An objective evaluation and comparison 
of the questionnaire used with the score 
card suggested by the National Educa- 
tion Association and Whipple showed that 
it ranked high. 

A further effort was made to test its 
validity by personal observation and inter- 
view. in classrooms of fifty teachers who 
had answered the questionnaire. The ob- 
server sat in the back of the classroom 
with the teachers answered questionnaire 
at hand for comparison. He remained 
through as many periods of instruction as 
were necessary until the objectives of the 
course became apparent, and afterwards 
talked to the teacher. The teacher was 
unaware of the purpose of the visit as it 
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was felt that he or she would proceed with 
a more normal method of instruction. In 
general the observations made in the class- 
room showed that the objectives being used 
closely followed the objectives and their 
evaluations as given by the same teacher on 
his answered questionnaire. This is sub- 
stantiated by an interesting study made by 
David Segal, at the University of Minne- 
sota, in which a follow-up by personal 
interview was made to determine the accu- 
racy of the answers from returned ques- 
tionnaires. In comparison he found that 
the questionnaire was almost as accurate 
as the personal interview [8]. 

It is believed that the results of these 
tests show that the instrument used in the 
study measured what it purported to meas- 
ure, and that the results are as valid as 
the circumstances permit. It can be con- 
cluded that the questionnaire method of 
research if properly administered and made 
valuable and worthwhile 


up can bring 


results. 
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AN ANALYSIS OF SCIENCE ACTIVITIES APPEARING IN 
GENERAL-SCIENCE WORKBOOKS 


RICHARD 


University of Connectic 


HE understanding of basic scientific 
c peer is necessary for satisfactory 
completion of all science courses. Many 
demonstrations and experiments are used 
in classrooms to illustrate these principles. 


THE PROBLEM 

This study is an analysis of general- 
science workbooks and the textbooks they 
accompany to determine the relative fre- 
quency with which classroom activities are 
used to illustrate principles of science. An 
analysis of each activity, experiment 


Tr 
demonstration that involved the using of 
apparatus or equipment is considered. 





S. BYERS 


ut, Storrs, Connecticut 


THE PROCEDURE FOR SELECTING THE BOOKS 
TO BE ANALYZED 

To select the textbooks and their accom- 

panying workbooks to be used in this 

study the following question was asked 

at the 

“What textbook do you recommend for 


salesrcom of several publishers: 
a ninth-grade general-science course? I 
want one which has a workbook and one 
that does not presuppose the pupil to have 
had work with any other books in its series 
for successful teaching.” The book so 
recommended to fulfill all these require- 
ments was used in the study. These seven 
books and the accompanying workbooks 
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were analyzed. The capital letters preced- 
ing the titles may be used to identify the 
book later in this report. 


A. Unzicker, Samuel P., and Gruenberg, Benja- 


min C. Activities in General Science.,. 


World Book Company. 

Gruenberg, Benjamin C., and Unzicker, 
Samuel P. Science in Our Lives. World 
Book Company. 

B. Hunter, George W., and Whitman, Walter G. 
Laboratory Exercises for Science in Our 
World of Progress. American Book 
Company. 

Hunter, George W., and Whitman Walter G. 
Science in Our World of Progress. 
American Book Company. 

C. Beauchamp, Wilbur L.; Mayfield, John C.; 
and West, Joe Young. 4 Study-Book for 
Everyday Problems in Science. Scott, 
Foresman and Company. 

Beauchamp, Wilbur L.; Mayfield, John C.; 
and West, Joe Young. Everyday Prob- 
lems in Science. Scott, Foresman and 
Company. 

D Watkins, Ralph K., and Bedell, Ralph C. 
Workbook for General Science for Today. 
Macmillan Company. 

Watkins, Ralph K., and Bedell, Ralph C. 
General Science for Today. Macmillan 
Company. 

E. Wood, George C., and Carpenter, Harry A. 
Science Discovery Book. Allyn and Bacon. 

Wood, George C., and Carpenter, Harry A. 
Our Environment, How We Use and Con- 
trol It. Allyn and Bacon. 

F. Curtis, Francis D. Workbook for Everyday 
Science. Ginn and Company. 

Caldwell, Otis W., and Curtis, Francis D. 
Everyday Science. Ginn and Company. 

G. Love, Curtis, and Clark, John A. Workbook 
for Science on the March. Houghton 
Mifflin Company. 

Clark, John A.; Fitzpatrick, F. L.; and 
Smith, E. L. Science on the March. 
Houghton, Mifflin Company. 


THE PROCEDURE FOR ANALYZING THE 
SELECTED BOOKS 


The workbooks and textbooks were in- 
spected for all science activities that could 
be carried on in the classroom. These are 
both demonstrations and experiments ; but 
for the purpose of this study the word 
activities will be used to denote both. 

The method of compiling and classifica- 
tion of this material was patterned after 
the method advised by Dr. Roy O. Billett. 
Each activity was written on a 3 by 5 card, 
coding in the upper left-hand corner the 
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source of the item and a tupical classifica- 
tion. An example of one of these cards is 
presented below. 





I 26 
W (water) 


When will an object float on water? 


\ body will float when its weight is less 
than the weight of the fluid it displaces. 














The heading of the activity was repro- 
duced in the same form as in the book. 
These were found to be questions or state- 
ments. After reading the activity a note 
was placed on the card giving the most 
important principle or understanding that 
the activity actually illustrated. If an activ- 
ity was a direct contributing factor toward 
the understanding of a principle, the prin- 
ciple was so noted. The number of activi- 
ties, each represented by a card, according 
to workbooks and textbooks is as follows: 


TABLE I 
THe NUMBER oF Activities Wuich APPEARED 
tN WoRKBOOKS AND THE NuMBER WHICH 
APPEARED IN THE TEXTBOOK BUT 
Not In THE WorKROOK 


Number of 


Number of Activities 
Activities in Text 
Books in but Not in 
Examined Workbooks Workbook Total 
A 227 17 244 
B 67 15 82 
c 140 40 180 
D 101 61 162 
E 81 58 139 
F 123 15 138 
G 138 46 184 
Totals 877 252 1129 


These cards were then classified into 
thirteen divisions under the following topi- 
cal headings : 


Care and Understanding of our Bodies 
Man in his Changing World 

Heat and Fire 

Electricity and Magnetism 

Plants and Animals 

Water 

Light 
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Air and other Gases 

Solar System 

Weather and Climate 

Earth’s Surface 

Sound 

Miscellaneous 

The cards in each of these divisions were 
then classified into the following groups: 
(a) contribution to the understanding of 
a principle, (b) presenting an understand- 
ing but not a direct contribution to a 
principle, (c) things and processes to 
observe, and (d) things: to make. 

In order to make a comprehensive deter- 
mination of principles it is necessary to 
set up a list of criteria for a scientific prin- 
ciple. The following list is adapted from 
the criteria of a principle as set up by 
Wilbur? and Wise.” 

A principle must be: 
1. A positive and 

process ; 


definite statement of a 


2. True with but rare exceptions ; 
3. Capable of illustration ; 
4. Free from the tags of a definition or 


description. 


A summary of the findings of this study 
are presented on the basis of these criteria 
after consideration of the methods and pro- 
cedures as stated. 


1 Oliver B. Wilbur, 4 Study of the Principles 
of Science Contained in General-Science Text- 
hooks Published Since the Beginning of the Year, 
1924. Unpublished Master’s Thesis, University 
of Michigan, 1931. 

?Harold E. Wise, “A Determination 
Relative Importance of Principles of 
Science for General Education.” 
tion (December, 1941), 25 :371. 


of the 
Physical 
Science Educa- 


WRITE A BETTER REPORT 





CONCLUSIONS OF THIS STUDY 

1. General-science books differ widely in 
the type and number of activities contained. 
This fact necessitates a careful evaluation 
of what is to be taught before selecting 
the books to be used. 

2. A close agreement is not apparent 
between the amount of space allotted to 
topics as found by previous studies and 
the number of activities devoted to each 
topic as found by this study. This condi- 
tion shows, that in some cases a great deal 
of space has been allotted to a topic but 
there are few activities which are likely to 
develop important principles related to that 
topic. It may, therefore, be concluded that 
there is a need for the development of illus- 
trative activities which can be used to de- 
velop an understanding of certain principles. 

3. A great number of activities can be 
found to illustrate most of the principles 
of science which are fundamental to science 
understanding and application. There are 
enough such activities to make possible the 
workbook 


general-science 


for use with 
textbook. It 
seems that the total list of activities found 


construction of a 
any good 
in this study would be an excellent foun- 
dation for the selection of activities to be 
used in preparing a well-balanced general- 
science workbook. 

4. This master list of activities is of use 
in locating activities pertaining to a par- 
ticular topic of instruction. This would be 
especially helpful in classrooms where a 
reference library is available. 


WRITE A BETTER REPORT 


Harvey G. TALMADGE, JR. 


University of lowa, Iowa City, lowa 


Ieee engineer will, in the course of his 
work, write reports which. will reach 
several men whose attitudes in reading will 


differ. One will be interested largely in 


the technical content, perhaps having little 
regard for the literary style of the text. 
Another (and one who might well be in 


a position to recommend promotion) will 
be impressed also by the manner in which 
the report is written. He will note such 
matters as spelling, diction, grammar, and 
composition, and will judge the writer 
accordingly. 

The following suggestions for compos- 
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ing a concise, coherent report will help the 
student-engineer (or scientist ) to avoid the 
faults noticed commonly in engineering 
laboratory graded during two 
semesters at the State University of Iowa. 


Quotations are taken from actual reports. 


reports 


The language of a formal report should 
While it may 
be permissible in the laboratory to use tech- 


be conventional and choice. 


nical slang, it is too much to expect the 
general reader of a report to tolerate or 
even to understand colloquial expressions 
such as are found in these passages: 

ss . engine had been in operation for a few 
minutes in order to steady down .. .” 

“Crack the throttle valve so that the cylinder 
will warm up.” 

“He must take 
and crank end... 


(indicator) cards, both head 


A report should be written as a report, 
not as a directions paper. Do not, there- 
fore, pretend to give directions such as 

“When pump is operating smoothly close drain 
cocks.” 

Avoid a trite repetition of words: it is 
tiring and distracting, and often results in 
meaningless explanations. 

“The condenser is a surface type condenser. It 
consists of a large horizontal cylinder in which 
the cooling water pipes are set horizontally.” 

“My curve rises in the correct direction but 
does not follow a smooth curve.” 

The word to be modified by a participle 
or a participial phrase must be expressed 
and the not, 
then, say 


reference made clear. Do 


“Plotting smooth 


drawn.” 


these points, a curve was 


It would be better to write 


“Plotting these points, we drew a smooth 


curve,” 
so that it is obvious that “we” will do 
the “plotting.” Otherwise, one questions 
“who”, logically as well as grammatically. 
Remember that each pronoun used must 
have an antecedent, and that this ante- 
cedent must be obvious to the reader. For 
instance, the sentence structure of the ex- 
ample following indicates that wattmeter 
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is the antecedent of the pronoun if and only 


a reader familiar with the subject matter 
will understand that J*R loss is the in- 
tended antecedent. 

“Although the wattmeter will record a small 


I2R loss as well as the core loss, it is usually 
small enough to be neglected.” 


The language of a report must be precise. 
All meaning is to be expressed, not implied. 
The following statements are so ambiguous 
that one can only guess what is meant by 
them: 

“The 33,000 is the same as for indicated hp.” 

“Mechanical efficiency is the ratio of output to 
input.” 

In contrast, these sentences are clear and 
precise, their continuity of thought well 
shown: 

“The intake valve action is accentuated by 
dash-pots. If the valves were connected directly 
te the wrist plate, they would close with a slow 
uniform motion. The dash-pots change this 


motion to one that is intermittent and that will 
close the valves at the right instant.” 


Transition of thought should also be so 
well expressed that the report becomes an 
integrated whole. Note how well this stu- 
dent tied together two different discussions : 

“When the load varies, the relationship between 


the current and voltage is altogether different 
from those illustrated in Figure 5.” 


Finally, the report should be terminated 
by a summarizing paragraph or sentence 
which brings it to a logical close. The 
reader must not be left up in the air waiting 
to see what comes next. One student had 
this thought in mind as he wrote 

“However, despite the evident lack of accuracy, 
the objectives of the experiment have been met 
in a qualitative way.” 

Many matters besides formulas, tabula- 
tions, and curves must be kept in mind in 
order to write a good report. This is dif- 
ficult to accomplish in one draft. The stu- 
dent will do well to make a preliminary 
copy, leaving room between lines for cor- 
rections. Sentences once put on paper are 
much more easily revised than those still 
“floating around” in one’s mind. 
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In addition to observing the foregoing 
minutiae, the student-engineer should con- 
sider these other matters in preparing his 
manuscript : 

A report can be improved in overall 
appearance and useability by dividing the 
textual matter into sections and assigning 
titles descriptive of the subject matter. 
Such a practice helps the busy reader to 
turn quickly to the material of special im- 
port to him. The section titles will, in 
themselves, briefly outline the scope of the 
report; they can easily be made up from 
the topic heads in the preparatory outline. 

Furthermore, some employers require 
that the report be prefaced with an abstract. 





TRENDS IN THE TEACHING OF 


RECENT TRENDS IN THE TEACHING OF BIOLOGY AND 
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The abstract is written for those too busy 
to read the entire report and for those who 
wish to learn if the report contains material 
of interest to them. It should be a concise 
statement of the entire report, including 
the problem, the outline of the procedure 
followed, the results obtained, and the con- 
clusions drawn. For the benefit of those 
who may not be scientists or engineers it 
should also be written in a style which is as 
non-technical as possible. 

The student-engineer will then find that 
his report, in addition to being technically 
correct, will be clearly understandable and 
certain to leave a favorable impression of 
the writer with the person who reads it. 


SOME RECOMMENDATIONS RELATIVE TO THE 
DEVELOPMENT OF A COURSE-OF-STUDY 


M. G. McFappen 
Heights High School, Cleveland Heights, Ohio 


— summarized trends in science 
teaching in the Cleveland Public 
Schools as follows: 

1. The formal type of question-answer 
recitation is gradually being replaced by a 
more informal one which places greater 
emphasis upon the participation of the 
student in class discussions. 

2. Memory work is being supplanted by 
self-directed study and personal reports on 
problems growing out of current develop- 
ments in the field of science. 

3. The recitation is supplemented by the 
use of, motion pictures and other audio- 
visual aids. 

4. The periodic, formal examinations of 
the essay type, are giving way to the fre- 
quent, informal but objectified tests de- 
signed to serve as teaching aids rather than 
as mere measures of achievement. 


1 Persing, K. M. “Trends in Science Teaching 
in the Cleveland Public Schools.” Unpublished 
thesis for Doctor of Education degree, Western 
Reserve University. May, 1941. 


5. From the traditional routine pro- 
cedure, which was relatively simple and 
standardized, towards more complex 
methods which include not only variations 
in daily procedure, but involve newer 
methods not formerly employed. 

Relative to the curriculum, Persing states 
that: “In 1930 the new courses of study in 
biology, chemistry, and physics defined the 
content of these subjects, qualitatively and 
quantitatively. 

“In a similar manner, the subject matter 
was allocated according to group ability 
and individual differences. Three aims 
were emphasized: consumer education, 
worthy use of leisure time, and preparation 
for vocations. 

“The aims in science teaching have 
changed from an emphasis on the formal 
teaching of pure science, in the early his- 
tory of the high school, to the objectives 
expressed in the cardinal principles of 
education.” 

Further, according to Persing, general 
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8 





versus uniform accelera- 


biology is augmented by special courses in development * * 
senior science, boy’s biology, conservation, tion. 
horticulture, girl's biology, health biology, Other teaching procedures and frequent 
special biology, botany, and other special changes of emphasis have had an influence 
courses according to the interpreted needs upon the teaching of biology. Some of 
and requirements of students in individual 4 these are: integration of subject matter 
schools. These special courses will neces- with other subjects ; seasonal organization 
sarily affect the selection and emphasis of ¥Yof subject matter; time out for teaching 
subject matter and selection of units and * remedial reading to those students who do 
topics for the general biology course. not read well end who cannot comprehend 
Trends in the Cleveland schools gen- the terminology of a science subject. One 
erally approximate trends in many other biology text commonly used in high schools 
school systems. In general, progress as a has a glossary of some eight hundred 
whole has been rather amoeboid in move- words. All are not strictly science terms 
ment, and the continued direction of any but all are more or less essential to a full 
one trend uncertain. Often, old methods understanding of subject matter. A quick 
work side-by-side with the newest “pro- look at a standardized and teacher tests in- 
gressive” methods and materials. dicates that the major number of questions 
As a result of curriculum findings, occa- developed for biology hinge upon vocabu- 
sional research in testing and general dis- lary. Spelling and pronunciation, composi- 
satisfaction with the status quo, new ideas _ tion, definition-drill, and instruction in how- 
have come to light and much has been to-study must be emphasized in biology 
written in educational and science journals instruction as well as in English. 
relative to the pros and cons on procedures A survey of textbook units and problems, 
in teaching, selection of content and rela- or topical development will show great var- 
tive values of subject matter, units, and iation in subject matter. Some authors 
topics. have ridden their hobbies. One of the older 
Some altercations of the past, which texts is largely systematic botany, another 
have not been altogether settled, and entomology. Following publication of the 
which need to be considered in course-of- seven cardinal principles, one text went all- 
study development, are as follows: induc- out for teaching health and had quite a 
tive teaching versus deductive; laboratory run for a long time, despite the fact that 
techniques versus lecture-demonstration?; students never could seem to master opso- 
topical versus unit-development ; func- nins, agglutinins, precipitins, and cytolysins 
tional ® versus systematic; * “pure” science as presented. A revision of this text indi- 
versus practical; individual or project cates that a good return to general biology 
methods versus social recitation; teaching concepts, of a broader nature, has been 
biology from living organisms (in their made. Other specialized ideas have had 
natural inter-relationships) > versus usual their turn as represented by words such as 
classroom procedures; individual pupil- “social” and “economic”. It is possible that 
we may yet see “conservation”, “air-age”’, 
* Cunningham, H. A. “Lecture Demonstration “atomic-age”’ or “college-prep” titles. Some 
versus Individual Laboratory Methods in Science 
Teaching—A Summary.” Science Education, 
March, 1946. 
3 Millis, A., and Millis, H. H. The Teaching 6Van Deventer, W. C. “Individualized In- 


of the special-tvpe books make good ref- 


of High School Subjects. Chapter XV. struction in a Basic Science Course.” Science 
4 McAtee, Vera. “Is Biology a Science or a Education, December, 1946. 
Fad?” School Science and Mathematics, March, 7 Brandwein, Paul F. “Reorganizing Biology.” 
1946. The Science Teacher, December, 1946. 
5 Wheeler, M. W. “The Dry Rot of Academic 8 Filis, Fred E. “Improvements in the Teach- 
Biology” in Essays in Philosophical Biology. ing of Science.” The Clearing House, 19:352- 


Harvard University Press, 1939. 355, February, 1945. 
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erences even though they do not cover the 
range of general biological concepts suff- 
ciently to be fully useful as basic texts for 
a one year course in secondary school biol- 
ogy. 

Due to conditions in individual schools, 
over which teachers have little or no con- 
trol, many progressive procedures and 
methods are impossible of attainment. A 
particular film cannot be used at the strate- 
gic time if it is not locally owned or if the 
visual aids center fails to schedule it at 
Plants may be killed 
by overnight drops in schoolroom heat. 


the time requested. 


Shortage of funds may prohibit purchase 
of even minimum equipment. Rural schools 
may easily take field trips, but a school 
in the city may have to compromise by 
bringing the field into the schoolroom, 
through visual-aids. 

Biology methods, procedures, and mate- 
rials are likely to be more-and-more of a 
compromise. As an example it is quite pos- 
sible that more acceptable biology manuals 
may be developed in which basic concepts 
or principles are utilized in developing unit 
and problem headings under which induc- 
tive-type experiments are used to lead 
students into an understanding of the more 
comprehensive concepts. 
scientific methods * 


The elements of 
can be taught and sci- 
entific attitudes inculcated in students by 
combining short periods of inductive rea- 
soning (usually associated with experimen- 
tal procedures and problems) into the final 
metamorphosis of the unit understanding. 
It is understood that the latter will consist 
of a major concept selected from among 
those generally recognized as fundamental 
to biological science and: supported by lesser 
concepts; these may become the standard 
unit and problem concepts of future texts. 

Major concepts of science, their selection 
and methods for organizing them into units 
of instruction are receiving a great deal of 


attention at this time. Downing’ found 


®Keeslar, Oreon. ‘The Elements of Scientific 
Method.” Science Education, December, 1945. 

10 Downing, E. R. “Teaching Units in Biol- 
ogy.” North Central Association Quarterly, 
March, 1931, pp. 453-470. 
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that a unit of instruction encompassing a 
single major principle of biology, such as 
photosynthesis, required approximately 
four weeks for complete development and 
comprehension. It is inferred that this 
amount of time encompassed at least one 
and probably two or more of the twenty- 
six major concepts listed by Olds" as 
fundamental and approved by a committee 
of educator-biologists as most suitable and 
appropriate for general biology in second- 
ary schools. One of Olds’ principle (num- 
ber XI) is stated as follows: “In the pres 
ence of sunlight, chloroplasts of green 
plants convert carbon dioxide and water 
into sugar and liberate oxygen; thus di- 
rectly or indirectly producing practically all 
of the food in the world.” A unit developed 
on such a concept would necessarily require 
much background in the understanding of 
leaf and general plant anatomy and physi- 
ology; the principles of transpiration, os- 
mosis, turgidity, diffusion, and imbibition ' 
of sulutes, and should provide some integra- 
tion of subject matter with physics and 
chemistry. 

Martin,’* carrying the investigation of 
principles further, lists one hundred major 
principles found to rank highest from an 
original list of some three hundred selected 
newspaper sources and evaluated through 
the Pearson product-moment coefficient-of- 
correlation formula. Frequencies of use in 
popular newspapers and magazines were 
correlated with frequencies of appearance 
in textbooks and research journals and the 
total evaluated by scientific personnel. The 
final list should provide an outstanding 
source of objectives of instruction in science 
in a program of general education; pro- 
vide a foundation for unit selection, prob- 
lem and experiment material, and finally, 


11 Olds, R. C. The Principles of Biology for 
Secondary Scicnce Instruction. Unpublished 
master’s thesis, Colorado State College of Educa- 
tion, Greeley, Colorado, 1936, 

12 Freeland, R. O. “Diffusion Phenomena.” 
Turtox News, January, 1947. 

18 Martin, W. Edgar. “A Determination of 
the Principles of the Biological Sciences of Im- 
portance for General Education.” Science Edu- 
cation, April-May, 1945. 











50 ScIENCE EDUCATION 


material upon which a final test of achieve- 


ment could be organized. It is generally 
conceded that achievement testing in biol- 
ogy has been too much a matter of testing 


14 


memory for unrelated facts '* and vocab- 


ulary. Possibilities in this field are sug- 
gested by Cooperative Studies in General 
Education.'* Some excellent examples are 
included in the achievement tests of Sones 
and Harry, Form B, Part III, Section D."® 
science” 


The understanding of “pure 


concepts and the elements of scientific 
method can be taught and scientific atti- 
tudes inculcated, if all possible approaches 
are utilized in a carefully organized pro- 
gram. The organizer must make use of 
all psychologically sound methods which 
instill interest and keep the subject alive. 
The writer believes that a general biology 
course can and will be developed in which 
many, if not almost all, the methods and 
procedures, advocated in the writings cited 
Although 
the workbook has fallen into disrepute in 


in this paper, will be utilized. 


some quarters, it would necessarily form 
the nucleus for guiding the pupil. The 
teacher with six classes and some one hun- 
dred sixty or more pupils will continue to 
require “workbook” or 
“manual” for student use. 


assistance in a 
Memory and 
time are both too short, otherwise. The 
manual may be used quite flexibly and may 
include enough extra unit material to allow 
selection on the part of pupil and teacher 
in what to study. 

A unit would be developed around a 
major concept generally acceptable to biol- 
ogists. The unit in the workbook will ask 
a major question in a deductive manner. 
This major question will be followed by a 
number of minor concepts, in question form, 
called problems, which when answered will 


14 Zeigler, R. T. “A Study of Fact Retention 
in General Science.” Science Education, Feb- 
ruary, 1942. 

15 The Measurement + of Understanding in 
Science. Forty-Fifth Yearbook, National Society 
for the Study of Education, 1946. Chapter VI. 

16 Sones, W. W. D., and Harry, David P., Jr. 
High School Achievement Test. World Book 


Company, 1929. 
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contribute greatly to providing the answer 
to the larger unit question. The “things to 
do” possibly labeled “topics’’ will be stated 
in positive manner. These latter will con- 
sist of experiments, minor reasoning exer- 
cises, reading motivators, project sugges- 
tions, and drill materials. Many of the 
“topics” will be labeled as optional. These 
might well include such verbal directions 
as “draw’’, “collect’’, “observe the experi- 
ment and report your conclusions’, “‘in- 
quire”, 


‘ 


‘visit’, etc., and provide oppor- 
tunity for students with special talents to 
expand their studies in line with their par- 
ticular interests. 

The manual will select key terminology 
and make it easier for the teacher to assist 
in providing the associations involved in 
learning meanings and uses rather than rote 
definitions. 

The booklet: “Biology Projects” ™ con- 
tains over one hundred experiments, obser- 
vation items, and other profitable activities 
which are well suited for directing the 
student in 


‘what to do” activities. If simi- 
lar topical or project material were incor- 
porated in a program in which these activi- 
ties are related to the development of major 
concepts in the minds of students, it is be- 
lieved that a real understanding and appre- 
Unrelated 
experimental results and observations of a 
factual 


ciation of biology would ensue. 


nature often become dim to the 
mind, but related vital experiences and 
fundamental concepts may often last a 
lifetime. 

The writer would suggest that attempts 
be made to make full use of seasonal mate- 
rials in teaching biology. Units developed 
around such concepts as concern the leaf 
and photosynthesis, or insect study and 
pollination, should be so developed and inte- 
grated in their inter-relationships that the 
resulting concepts can be taught in the ear- 
lier weeks of the Fall. Understandings 
related to bird-study should be taught when 
the great migration of birds is underway 

17 McAvoy, Blanche; Ayres, John, and Chiddix, 


John C. Biology Projects. Educational Aids 
Service, Normal, Illinois, 1942. 
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in the Spring. This might well be fol- 
lowed by the study of conservation, fungi, 
and parasite concepts ‘as problems in the 
later Spring months. In every feasible 
manner students should be aided to see biol- 
ogy functioning in the great outdoor lab- 
oratory. Every attempt should be made to 
get as near the Mark Hopkins log as pos- 
sible. The next best is to bring the out- 
doors into the classroom with visual aids 
and collected materials. The biology room 
and laboratory should be a museum, green 
house, library and visual-aids center rolled 
into one. 

Basic films should be available in not 
more than a day’s notice. A dozen films 
plus other visual and auditory aids should 
be a minimum for any one school and these 
selected for their great use and worth in 
assisting the student in visualizing difficult 
concepts; examples: circulation of the 
blood, Mendeis’ laws, digestion, photosyn- 
thesis, and so on. Additional aids could 
depend upon borrowing sources. 

Organization and integration of methods 
and procedures should not be handicapped 
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AID 


by adverse criticism from individuals who 
have but one purpose in mind in teaching 
a content field. Almost all standard meth- 
ods and procedures have their own peculiar 
uses. That is the reason why busy people 
take time to argue their respectiye merits. 

In the meantime, a number of good books 
have appeared relative to the improvement 
of reading in the gontent field.'® ' 
Science and science vocabularies are well 
covered. It is most interesting to note 
that the use of visual aids, field trips, 
demonstrations, museum displays, and 
other activities discussed in this paper are 
recommended as aids in the development 
of reading understandings. 

Teachers of subject fields, either in the 
best equipped schools or in those with 
little equipment other than a textbook and 
a few references, can profit greatly through 


adoption of good reading practices. 


18 Gray, W. S., and others. Jmproving Read- 
ing in the Content Field. Monograph No. 62. 
The University of Chicago Press, 1947. 

19 McCullough, C. M.; Strang, R. M., and 
Traxler, A. E. Problems in the Improvement of 
Reading. McGraw-Hill Book Company, 1946. 


THE DRAWING AS A LEARNING AID IN SCIENCE 


ALFRED A. SILANO 
State Teachers College, Upper Montclair, New Jersey 


EACHERS know that drawings can be 
, jae with success in teaching science. 
There is, however, relatively little experi- 
mental evidence of the importance of draw- 
ing. We accept the fact as true, but to one 
reared on the scientific method this does 
not appear to be good reasoning. We 
would not purchase an automobile without 
driving it; why then should we accept a 
fact without “driving” it also? 

A famous Chinese once said, “A good 
picture is worth a thousand words.” Sci- 
ence teachers who have attempted to ex- 
plain a complicated fact or principle to a 
classroom of pupils know this to be true. 
Well-made, illustrative diagrams, corre- 


sponding to the pupil activity, will take the 
place of many words. 

There are different types of drawings 
that can be used in a class activity. They 
are the diagrammatic, representative, and 
the artistic types of drawing.’ All of these 
drawings may be evaluated differently. 
They do satisfy one of the fundamental 
principles of educational psychology and 
philosophy — ‘Pupils learn by doing.” 
Using drawing as a pupil activity satisfies 
this principle. 

The important property of any of the 
mentioned types of drawing is its concep- 

1 Arthur G. Hoff, Secondary School Science 
Teaching (Philadelphia, 1947), p. 179. 
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tual value. The conceptual value is not 
based on artistic ability, but rather on 
quality and quantity of concepts. It has 
been determined by experimentation that 
the inclusion of concepts in drawing aids 
learning.’, 

There are several difficulties in using 
drawings in science education. We must 
not forget that some children cannot draw 
A child who is unable to draw weil 
will soon become bored with a lesson in- 
volving many diagrams. Not much learn- 
ing will take place in this situation. There 
are possibilities, however, if the child were 
to be taught a method of drawing. It has 
been found that children learn to draw in a 
formalized fashion.* If we were to supply 
a “formula”—a systematic method of draw- 
ing—the results would be encouraging. 

These facts, plus the lack of experimental 
evidence, induced the author to perform an 
In order to bring 
this experiment up to the level of scientific 
standards, a variable and a control group 


well. 





experiment of his own. 


was needed. The variable group, a seventh 
grade class, was provided by Mrs. Hannah 
Hughes, instructor in the Academy Street 
School at Glassboro, New Jersey. The 
control group, also a seventh grade class, 
was provided by Miss Claire A. Lockey, 
instructor in the Demonstration School at 
the Glassboro State Teachers College. For 
guidance and suggestions, I am indebted to 
Dr. George W. Haupt of Glassboro State 
Teachers College. 


DESCRIPTION OF THE DIAGRAMS 


A systematic method of drawing was 
needed for the experiment. This method 
would not make artists of all the students 
but if it helped the less talented ones in 
drawing, it would be of some value. The 
students with more artistic ability could 
utilize a greater quantity of concepts in 
their drawings. 


2 George W. Haupt, “Evaluation of Students’ 
Scientific Drawings,” Science Education, Feb- 
ruary, 1940. 

8 Helga Eng, The Psychology of Children’s 
Drawings, p. 109. 
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The author has developed a systematic 
method of drawing an airplane. This 
method incorporates perspective as an aid 
to better airplane drawing. 
tation of an object as it actually appears to 


The represen- 


an observer’s eye, is called perspective 
drawing.* If we observe an object from a 
distance, i.e., a building, we notice that the 
rear of the object seems to slant toward the 
horizon. A perspective sketch of an object 
gives the best pictorial effect.* 

Many children cannot draw a well-pro- 
portioned airplane picture. Some cannot 
even draw any well-proportioned picture.® 
They tend to draw a side view of an air- 
plane or an unbalanced similarity to an air- 
plane’s exterior structure. Examination of 
many drawings made by elementary school 
children discloses that they draw a picture 
of an airplane similar to this illustration: * 


THE TESTING PROGRAM 


A true—false type test was used. The 
children were instructed to answer only the 
questions they could and to leave blank the 
questions that they could not answer. 
There is evidence from the resulting test 
scores that the children guessed some of 


4Thomas E. French, Engineering Drawing, 
p. 483. 
5 Thomas E. French and Carl L. Svensen, 


Mechanical Drawing, p. 118. 

6 Eng, op. cit., p. 162. 

7 The author has examined airplane drawings 
made by children from the Academy Street 
School and the Demonstration School at Glass- 
boro State Teachers College. 





KITS FOR TEACHING ELECTRICITY 


Use the Famous CROW 
Training Aids for Teaching: 


1. Basic or elementary electricity. 
2. Advanced electricity. 

3. Elementary electronics. 

4 


. Rotating electrical machines—all types of mo- 
tors and generators, both DC and AC. 


Each kit furnished complete with an illustrated 
text-manual describing in detail all experiments. 


For full information write 


UNIVERSAL SCIENTIFIC COMPANY, INC. 


Department B, Vincennes, Indiana 
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A SYSTEMATIC METHOD OF DRAWING AIRPLANES 
A. Present to the pupils a general description of what is known as perspective. 
B. Proceed to demonstrate on the blackboard this method of perspective : 
Step 1—Students draw a light line parallel to the edge of their paper and mark two points 
on the line. 
A vertical line is drawn about one-third of the distance from the left hand side of the line 
and away from the point on the line— 








Letters AB are just used as a matter of demonstration. 

Vertical line CD is one-third distance from Point A or Point B depending on the direction 
of the plane as to position. 

Connect points AB to vertical line CD. 

Draw in vertical line EF parallel to line CD. 

Then add line EB. 


H A’ H_ 4 








Draw in lightly line AG. 

Next, draw line HI parallel to line AG (these are the wings). 

Then draw line A’G’ and H’I’ parallel to AG or HI (these are the elevators). 

Draw rudder outline in very lightly. 

Now before each student is a light outline of an airplane structure, which is approximately 
proportioned. 

Step 2—Draw in an airplane outline of the teacher’s choice. 

For example: 








Ging 


~ 


Step 3—Erase all exterior projection lines and fill in important configurations of airplane 
structure. 


the answers correctly. That would be pos- 
sible with this type of test. 
better measuring instrument will be neces- 
sary for further study. 


Therefore, a 


This is a copy of the test given to the 
two groups: 


SAMPLE TEST USED 
True—False 


1. There are only two forces acting on an 
airplane. 

2. Air has no weight and does not help a plane 
fly. 

3. Thrust is a force that pulls the airplane 
forward. 

4. Gravity is a force that pushes an airplane 
upwards. 

5. The same forces that affect an airplane in 
flight will affect a kite in flight. 

6. Drag is the force that slows an airplane in 

flight. 

An airplane wing provides lift when there is 

a reduction of air pressure on the upper sur- 

face of the wing. 

8. The shape of the airfoil in a wing determines 
the wing’s lifting ability. 

9. Ailerons are flaps on the wings used to con- 
trol banking of an airplane. 

10. Elevators are used to steer an airplane from 
left to right. 

11. A rudder is used to make an airplane ascend 
or descend. 

12. The rudder is connected to the vertical fin. 
The elevators are connected to the horizontal 


fin. 


N 


14. The fins on the airplane help to stabilize 
flight. 

15. The empennage is‘ the rear section of the 
fuselage. 


16. A propellor cuts through the air in the same 
way a screw cuts in wood. 
17. The shape of a propellor does not determine 
its pulling ability. 
18. A plane which has a propellor attached to 
its nose section is known as a “pusher plane.” 
19. The fuselage of the plane encloses the pilot's 
cockpit. 
20. A propellor is a rotating wing. 
THE INSTRUCTIONAL PROGRAM 
An airplane unit was chosen because of 
the interest in science in general and avi- 
ation in particular, shown by many lower 
grade children. 
The instructional activities included four 
general topics : 


1. The types of aircraft. 


2. The parts of an airplane. 
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3. Functions of the parts. 
+. Relationship between the functions of 
the parts and resulting flight. 


The first instruction was presented to the 
variable group. An introductory discus- 
sion was given and iminediately afterward, 
the pre-test was administered to the class. 
Following the pre-test, instruction was 
begun covering the four “general topics 
mentioned above. Models, pictures, and 
blackboard drawings were used in the les- 
sons. The children were taught the “sys- 
tematic method” of drawing an airplane. 
As each part was added to the teacher’s 


VARIABLE GROUP 
I.Q. Range 69-108 


First Second 

Name 1.Q. Test Test 

Y 99 7* 0 

z 89 19 0 

X 94 12 1 

Ww 77 7 2 

V 107 12 3 

U 86 9 3 

T 75 8 3 

S 89 9 a 

R 69 7 4 

Q 108 15 4 
*The number given under each test is the 

number wrong. 
CONTROL GROUP 
I.Q. Range 95-122 
First Second 

Name 1.Q. Test Test 

A 115 7* 1 

B 122 11 2 

c 117 10 2 

D 95 9 3 

E 101 11 3 

F 108 9 4 

G 106 15 6 

H 115 11 6 

I 109 11 7 

J 98 11 13 
*The number given under each test is the 


number wrong. 


drawing, an informal discussion followed 
between teacher and pupils. After each 
part of the airplane was discussed, it was 
This 


gave the children a permanent record to 


labeled on every child’s drawing. 
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When a study of all four 
assimilation 


which to refer. 
topics was completed, an 
period began. The children were then 
given a post-test which was similar in some 
respects to the pre-test. 

The lessons with the control group cov- 
ered the same four topics and the same 
The one 
variable function, the use of the “systematic 


methods of instruction were used. 


method,” was omitted from the lessons. 
RESULTS 

The two groups varied considerably in 
1.Q. Of course, results of greater accuracy 
might have been obtained by using groups 
of comparative I.Q. Circumstances did not 
permit the author to secure groups of more 
nearly similar capacities. 

CONCLUSIONS 

The variable group succeeded in drawing 
a well-proportioned airplane. These draw- 
ings were not equivalent to drawings made 
by other children on this grade level. They 
did correspond to drawings made by groups 
with a lower intelligence quotient. This is 
in agreement with the findings of the inves- 
tigators, that there is a relation between 
drawing and 1.Q.* 

Children are very much interested in the 


many phases of science. The average child 


8 Florence Goodenough, Measurement of Intel- 
ligence by Drawings. 
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has a rather thorough knowledge of avi- 
ation. This knowledge is being obtained 
from the radio, television, newspapers and 
It is the 


teacher's duty to provide the necessary 


many sources other than school. 


information and incentive to help the chil- 
dren arrange their concepts of science. An 
important factor is the relationship between 
This 


concept development can be more readily 


drawing and concept development. 


fashioned by using drawings as a learning 
aid in science. 
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FIRST AID FOR SCIENCE TEACHERS 


W. S. DeLoacu 


Southwestern Louisiana Institute, Lafayette, 1 


HE chemistry laboratory is a dangerous 
f igo Other laboratories have their 
hazards; but none offers the wide variety 
of cutting, burning, exploding, and corrod- 
ing that chemistry does. Anyone who has 
spent very much time in a school laboratory 
has personally experienced and seen many 


accidents, ranging from trivial to serious, 


and has heard of others. 


The problem is, 


ouistana 


of course, a recognized one, and most 
teachers are thoroughly aware of it. 

In the school laboratory the accident 
problem might well be divided into two 
parts—accident prevention to decrease the 
number of accidents, and first aid to care 
for the victims of those accidents that do 
occur. 


It is doubtless true that most of the 
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serious school laboratory accidents should 
not happen, and can be prevented by proper 
planning on the part of the teacher and 
“safety-consciousness” on the part of the 
students. 


But, in order for a teacher to be 
able to plan properly, he needs considerable 
laboratory experience, both as a student 
and as a teacher. Only experience can 
teach him some of the truly amazing things 
that a student can do with an apparently 
safe piece of apparatus, and only experi- 
ence can teach him the elaborate precau- 
tions that sometimes must be resorted to 
in order to save the student from himself. 
If a beginning teacher has had several 
courses in chemistry, he can draw on that 
training while he is learning his way 
around as a teacher. However, in some 
states at least, it is possible for a person 
who has had only one year of general 
chemistry to be certified to teach that sub- 
ject in secondary school. It is indeed a 
hazardous business to put a high school 
chemistry laboratory into the hands of a 
beginning~ teacher who has himself spent 
only 150 to 200 hours in such a laboratory. 
In a study made by the National Safety 
Council! of 
1945-1946 to 
from 


accidents occurring during 
900,000 students— 
kindergarten through the twelfth 
grade and including all accidents, both at 


about 


and away from school, that required a 


doctor’s attention or caused absence of 
one-half day or more—it was found that 
1 per cent of all accidents to all students 
occurred in laboratories and domestic sci- 


ence rooms and that 3% 


per cent of all 
accidents that occurred to twelfth grade 
and 
This latter figure 
represents slightly over 10 per cent of the 
twelfth 


students happened in_ laboratories 


domestic science rooms. 
accidents to graders in school 
buildings. 

The obvious remedy is more training in 
the subject on the part of the teacher, say 
two years’ minimum training for certifica- 
tion in chemistry. If this increased require- 
ment is not possible, why not attack the sec- 
ond part of the school laboratory accident 


1 Accident Facts, 1946 Edition, pp. 91-92. 
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problem by requiring some first aid training 
of prospective science teachers? In order to 
get more information on this subject, in the 
spring of 1946 a brief questionnaire was 
sent to the heads of the science departments 
of most of the colleges that are members of 
the American Association of Teachers Col- 
leges. Inquiry was made as to whether all 
students were required to take first aid, 
whether all prospective science teachers 
were rquired to take first aid, and whether, 
in the opinion of the addressee, a first aid 
course is desirable for all prospective sci- 
ence teachers. Seventy-eight replies were 
received from colleges that train science 
Of that 
number, ten require first aid of all students, 
and three others require the course of all 
prospective science teachers. Sixty of the 
seventy-eight who replied stated that they 
considered a first aid course desirable for 
prospective science teachers. 


teachers for the secondary school. 


These data 
are summarized in the accompanying table. 


Per cent of 
Replies 


Number __ Received 
Replies received ........ 78 
Require first aid of all 
NS oan he asceecs ch 10 12.8 


Require first aid of all 
prospective science 


PEP re ren 3 3.8 
Consider first aid desirable 

for prospective science 

rer roe 60 76.9 


Since most colleges require at least a 
year of physical education and since physi- 
cal education departments are qualified to 
teach first aid, why not arrange for the 
prospective science teachers to receive some 
training in first aid as a part of the re- 
Such 
a course, which would last possibly four 


quirements in physical education? 


to six weeks, could be planned by the 
physical education department in consulta- 
tion with the science department and could 
deal especially with such problems as are 
likely to be encountered in school labora- 
tories. Though a course of this nature 
cannot under any circumstances be con- 
sidered a substitute for thorough. training 
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in the subject the student expects to teach, 
it would probably tend to make him more 
aware of safety problems and stimulate his 
interest in accident prevention. Some first 
aid training would be valuable to any 
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teacher of a laboratory science, no matter 
how experienced and well-trained he is; 
but it would be especially desirable for a 
beginning teacher who has had only a 
minimum amount of training. 


THE TEACHERS OF SCIENCE IN A REPRESENTATIVE 
SAMPLING OF MINNESOTA SCHOOLS * 


KENNETH E. 


University of Kansas, 


URING the school year 1946-47, fifty- 
D six Minnesota high schools, selected 
by random means from among the 483 high 
schools in the state, consented to take part 
in a comprehensive study of science instruc- 
tion. A comprehensive review of the entire 
study appeared in the December issue of 
Science Education.‘ The purpose of this 
article is to present in more detail one phase 
of the study, namely: a description of the 
practices in the teaching of biology and 
chemistry current in the school year 1946- 
47, and a description of the persons who 
taught these subjects in terms of prepara- 
tion, experience, teaching loads, teaching 
objectives, and professional activities. 

The present discussion deals with the 
information gathered by means of an eight- 
page schedule of fifty-eight items submitted 
to each of the ninety-one teachers (fifty- 
eight biology teachers and fifty-five chem- 
istry teachers) in approximately the sixth 
Most of the 
items called for quantitative data which 


month of the school year. 


could be used in making statistical com- 


parisons. Some of the items called for 


information of a subjective kind such as 


* This article is a portion of the study: “The 
Relative Achievements of the Objectives of 
Secondary School Science in a Representative 
Sampling of Fifty-Six Minnesota Schools,” un- 
published Doctoral Dissertation, University of 
Minnesota, 1949. 

1Kenneth E. 
Relative 


Anderson, “Summary of the 
Achievements of the 
Secondary-School Science in a Representative 
Sampling of Fifty-Six Minnesota Schools.” 
Science Education, 33 :323-329, December, 1949. 


Ss 


Objectives of 


ANDERSON 


Lawrence, Kansas 


“What do you feel could be done to im- 


prove science instruction in Minnesota 


schools?” The discussion that follows 


consists of seven parts. 


I. THE TEACHERS OF BIOLOGY AND CHEM- 
ISTRY—PREPARATION, QUALIFICATIONS, 
PROFESSIONALISM, AND EXPERIENCE 


This portion of the report deals with 
teacher preparation in specific sciences, all 
sciences, high school mathematics, and col- 
lege mathematics. In addition, this portion 
deals with teacher experience in teaching 
a specific science, professional reading by 
the teachers, professional meetings attended 
by the teachers, teachers’ knowledge of the 
scientific method, and a description of the 
type of institution attended by the teachers 


and the degrees held. 


PREPARATION IN SCIENCI 


The median number of quarter hours of 
preparation in college biology for biology 
teachers was 27, while the median number 
of quarter hours of preparation in college 
chemistry for chemistry teachers was 23. 
An examination of the total hours of prepa- 
ration in science as shown in Table 1 indi- 
cates that the median number of quarter 
hours of preparation in all college sciences 
for biology teachers was 51, while the 
median number of quarter hours of prepa- 
ration in all college sciences for chemistry 
teachers was 54. One-fourth of the biology 
teachers in Minnesota had 76 quarter hours 
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TABLE 1 


TEACHER PREPAKATION AND EXPERIENCE 


Item 


Quarter hours of preparation in college biology... 


Quarter hours of preparation in college chemistry 


Total quarter hours of preparation in all college sciences 
Years of experience teaching biology............. 
Years of experience teaching chemistry........... 


Years of high school mathematics taken.......... 


Quarter hours of preparation in college mathematics... . 


of college science or more, and one-fourth 
of the chemistry teachers in Minnesota had 
80 quarter hours of college science or more. 
TRAINING IN MATHEMATICS 

The teacher’s training in mathematics is 
perhaps of less significance in the teaching 
of biology than in the teaching of chemistry. 
Although the ordinary problem in high 
school chemistry requires only simple arith- 
metic or at most simple algebra, the 
teacher’s lack of training in mathematics 
might minimize this important phase of 
the work. The median number of years 
of mathematics taken in high school was 
slightly greater for the chemistry teacher 
than for the biology teacher, being 2.5 and 
2.3 units, respectively. Table 1 shows that 


the college preparation in mathematics 
varied in the same direction only to a 
greater degree. The median number of 
quarter hours of college mathematics was 
24 hours for the chemistry teacher and 14 


for the biology teacher. 


EX PERIENCE 

Science teachers in Minnesota might be 
called “young” in terms of years of experi- 
ence on the job. Table 1 shows that the 
median number of years of experience 
teaching biology for biology teachers was 
4.2 while the median number of years of 
experience teaching chemistry for chemistry 
teachers was 3.1. One-fourth of the biology 





Teachers Q; Md Q: 
Eten Biology 45.33 26.81 16.75 
Be Chemistry 34.27 23.25 14.00 
Biology 76.37 50.50 32.00 
Chemistry 79.50 53.94 40.50 
ltd Biology 7.50 4.16 1.40 
Laas Chemistry 9.95 3.08 1.04 
se Rate Biology 2.96 2.30 1.81 
Chemistry 3.13 2.52 1.90 
Biology 28.50 13.50 0.45 


Chemistry 34.08 23.66 10.13 


teachers had 7.5 or more years of experience 
teaching biology, while one-fourth of the 
chemistry teachers had 10 or more years 
of experience teaching chemistry. 


PROFESSIONAL READING 


Of the 91 teachers, 58 per cent reported 
on books read in the field of science educa- 
Of the 
58 per cent reporting, 62 per cent had not 
read a book on science education during 
the past two years. 


tion during the past two years. 


An examination of 
the books read revealed that only four 
teachers had read a methods book, only 
two had read Science in General Educa- 
tion, and only one mentioned the Science 
Most of 
the books read were of the popular type 


Education in American Schools. 


such as Microbe Hunters. 


TYPE OF INSTITUTION AND ACADEMIC 


DEGREES HELD 
All but two of the 91 teachers indicated 
Those 
who held degrees received their under- 


possession of a degree or degrees. 


graduate degree from the following types 
23 teachers; 
teachers colleges, 32 teachers; and private 
colleges, 34 teachers. 


of institutions: universities, 
Only 14 teachers 
indicated that they held the Master’s de- 
gree, although several had attended college 
and had taken work beyond the under- 
graduate degree. 
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PROFESSIONAL MEETINGS 

Of the 74 per cent reporting, 64 per cent 
of the teachers had not attended a meeting 
on science education, 31 per cent reported 
having attended one meeting, and 3 per 
cent reported having attended two or more 
meetings. Most of those reporting had 
attended a sectional meeting of the Minne- 
sota Education Association. 


TEACHERS KNOWLEDGE OF THE 
SCIENTIFIC METHOD 


The teachers of biology and chemistry 
were asked to answer eight questions on 
the scientific method. The results are 
shown in Table 2. Teachers were scored 
on each of the items in Table 2 and given 
a total score ranging from zero to eleven. 
The chemistry teachers scored 6.6 points 
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factual information and basic understand- 
ing. An answer which did not display 
correct factual information and basic under- 
standing was unsatisfactory. Of the 91 
teachers, 35 did not attempt the last ques- 
tion. The percentages quoted for this ques- 
tion are for those answering the question 
or attempting to answer it. 

This analysis revealed that the teachers 
of biology and chemistry in the schools of 
Minnesota had a lack of knowledge con- 
cerning the scientific method. It suggests 
that they were busy imparting factual in- 
formation to their students, and not attempt- 
ing to develop what is considered to be one 
of the most important objectives of science 
instruction. 


Il. ITEMS RELATING TO TEACHING LOAD 


Table 3 summarizes the information re- 


TABLE 2 


ANALYSIS OF THE TEACHERS’ SCORES ON KNOWLEDGE OF THE SCIENTIFIC METHOD 


Question and Score Value 
What do you consider the scientific method 


a ce ie phan vue rudog ee aoe A ps 6 
What is a variable in a science experiment? 1 point 


Percentage of Answers 


CTY CR omen 
Unsatisfactory Partial Satisfactory 
be 
eae es 19 42 39 
“re 29 71 


How many variables should there be in a science experi- 


TS cis cid. Gash ee eadhet and coe wees 54 46 
What is a control in a science experiment? 1 point...... 40 60 
What is the function of a control in a science experi- 

ge ee sree ny ees ee 17 83 
How many controls should there be in a science experi- 

ET te oe oa, See a eR ald wien, cptark a 53 47 
What original experiments have your students solved 

independently of the laboratory manual or text? 2 points 75 25 
How would you devise an experiment to determine what 

amounts of chemical manures give maximum growth 

in plants? (Assume that you have three chemical 

manures x, y, and z to test out on young corn plants.) 

IEE cine ics wk eal nie aiticad< ana ee ive we Wale e's weer an 7 61 32 


as a median, while biology teachers scored 
5.2 points as a median. An analysis of the 
scores on the separate items as shown in 
Table 2 are more revealing than the median 
scores on the list of questions as a whole. 
In order to describe the analysis the term 
satisfactory was used. A. satisfactory 
answer was one that displayed correct 


lating to the teaching load, with exception 
of the length of period for biology and 
chemistry instruction. 


TEACHING LOAD 


Most of the teachers of biology and 
chemistry did not have a light load in 
terms of the number of preparations. A 
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TABLE 3 


ITEMS RELATING TO THE TEACHING LOAD 


Item 


Number of different preparations per day per teacher... 
Number of pupils handled per day............... 
PE DERE saint amnbesiede Rasa det eeniiccoentad 


Enrollment in grades 10-11-12 or size of school... 


preparation is a class meeting five days a 
week in a particular subject. Thus a 
teacher with two preparations may teach 
two classes in biology and two classes in 
chemistry. The median number of prepa- 
rations for biology teachers was 4.4 and 
for chemistry teachers 4.0. One-fourth of 
the biology teachers had 5.3 preparations 
or more, and one-fourth of the chemistry 
teachers had 5.1 preparations or more. 


NUMBER OF PUPILS HANDLED PER DAY 


Chemistry teachers handled a few less 
pupils per day than did biology teachers. 
The median number of pupils handled per 
day by biology teachers was 121, and the 
median number of pupils handled per day 
by chemistry teachers was 101. 

CLASS SIZE 

The median class size in biology was 
23, and the median class size in chemistry 
was 21. One-fourth of the biology teachers 
had a class size of 28 or over, and one- 
fourth of the chemistry teachers had a 
class size of 24 or over. 


LENGTH OF PERIOD 


The most frequently mentioned length 
of period for instruction in biology and 
chemistry was the 50-minute period. The 
other lengths of period, which received 
considerable mention, were in order: 60- 
minute period, 55-miuute period, and the 
45-minute period. 


Ill. LABORATORY INSTRUCTION IN BIOLOGY 


AND CHEMISTRY 
The science laboratory has always been 
considered an important means of instruc- 





Teachers QO; Md Q: 
Biology 5.29 4.42 3.00 
Chemistry 5.09 4.04 2.90 
‘gues Biology 145.92 121.16 90.16 
Chemistry 128.66 100.75 76.37 
a eee ° Biology 28.25 23.07 17.25 
Chemistry 24.29 20.47 16.48 
aah ; 149.50 99.50 52.80 


tion in science. Therefore, the reaction 
of these ninety-one teachers to questions 
concerning this phase of the instruction 


is important and interesting. 


WORKBOOKS 


Over half (55 per cent) of the biology 
teachers followed a workbook or laboratory 
manual, while almost all (91 per cent) of 
the chemistry teachers did so. This is no 
indication of the effectiveness of the in- 
struction, but it is an indication that teach- 
ers follow material prepared by 
one else. 


some- 
This means that the selection 
of a workbook or laboratory manual is 
important. 


ORDER OF LABORATORY INSTRUCTION 


Laboratory work usually accompanied 
class work in biology (65 per cent) and 
chemistry (51 per cent). More teachers 
followed their class work with laboratory 
instruction (30 per cent in biology and 
36 per cent in chemistry) than preceded 
their class work with laboratory instruc- 
tion (5 per cent in biology and 13 per 
cent in chemistry). 


USE OF THE DEMONSTRATION METHOD 


Only a few of the biology and chemistry 
method 
“almost exclusively” (16 per cent in biol- 


teachers used the demonstration 
ogy and 9 per cent in chemistry), while 
only a few used it “little” (12 per cent in 
biology and 20 per cent in chemistry). 
Most of the teachers of both subjects re- 
ported that they used it “some” (72 per 
cent in biology and 71 per cent in chem- 
istry). 
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TYPE OF LABORATORY PROCEDURE 


Seven types of laboratory procedures 
were indicated and the teachers were asked 
No attempt 
was made to secure the percentage of 
teachers using the various procedures but 
Table 4 


teachers who 


to check the types they used. 


only the frequency of mention. 
indicates the number of 
checked the various types of laboratory pro- 
cedures used. Another approach to the 
problem was that of determining how many 
teachers used the laboratory manual or text 
We found that 18 teachers 
of the 88 answering this question used the 
laboratory 
while 20 used the manual or text and one 
other method. It was also found that 37 
of the 88 teachers answering this question 
used the laboratory manual or text and 
from two to five other methods. The data 
revealed that 13 teachers of the 88 did not 
use a laboratory manual or text for labora- 


exclusively. 


manual or text exclusively, 


tory purposes but used one to four other 


methods. Thus, one could conclude that a 


TABLE 4 
FREQUENCY OF MENTION OF THE TyPEs OF LAB- 
ORATORY ProcepurEsS Usep spy TEACHERS 
or BioLocy AND CHEMISTRY 


Type of Procedure Frequency 


ET 65 
Activities planned by the teacher...... 43 
Controlled experiments .............. 42 
Verification of things read........... 37 
Problems and projects............... 32 
Given things to do before discus- 
aA Sy ties URS rary one 20 
Experiments in the text.............. 19 


variety of laboratory procedures were 
used, but that in the main, most teachers 
of biology and chemistry followed the ex- 


periments as outlined in a manual or text. 
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NUMBER OF HOURS OF LABORATORY WORK 

PER STUDENT 

Of the 58 teachers of biology, 52 teach- 
ers responded to the question “How many 
hours of laboratory work does each student 
receive per year?” Of the 55 teachers of 
chemistry, 54 responded to the question. 
Table 5 gives the information derived from 
this question plus teachers’ reactions to 
the question “What do you recommend as 
the minimum number of laboratory hours 
per student per year?” The median num- 
ber of hours of laboratory instruction dur- 
ing the academic year per pupil in biology 
was 33, while the median number in chem- 
istry was 60. 
mended four more hours in biology than 


The same teachers recom- 


students actually received, and one more 
hour in chemistry than the students actu- 
ally received. 


TYPE OF LABORATORY AND SIZE OF 
LABORATORY 


Of the 91 teachers of biology and chem- 
istry, 69 reported the size of their labora- 
tories in square feet. The median sized 
laboratory was 750 square feet. Of the 
91 teachers of biology and chemistry, 83 
indicated that the laboratory and the class- 
room were combined and eight indicated 
that the laboratory was separate from the 


classroom. 


SUPPLIES FOR SCIENCE INSTRUCTION 

Only 7 per cent of the biology teachers 
reported that biological supplies were “‘ex- 
cellent,” 70 per cent reported the supplies 
as “fair,” and 23 per cent reported the 
supplies as “poor.’’ Only 5 per cent of the 
chemistry teachers reported the supplies as 


TABLE 5 


Hours or Lasoratory WorK RECEIVED AND RECOMMENDED 


Item 


Number of laboratory hours of work received by students 
PE. out yie Sy scb de Gace es ths ckaee heen 


Number of laboratory hours of work per year recom- 
rn CY SS |. ocean vices keen Ge binew ewan 


Students QO; Md O: 
Biology 59.50 33.25 12.19 

ones Chemistry 73.55 59.50 34.50 
Biology 37.19 


Chemistry 
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“poor,” while 49 per cent reported the 
supplies as “excellent” and 45 per cent re- 
ported the supplies as “fair.” 


LABORATORY EQUIPMENT 


The teachers of biology and chemistry 
were asked to indicate “yes” or “no” to 
the items listed in Table 6. If one consid- 
ered only those nine items of equipment, he 
would conclude that the high school labora- 
tories were deficient to some extent, the 
exception being that of having running 
water. The most noticeable deficiency was 
the lack of the workbench. 


TABLE 6 
PERCENTAGE OF THE TEACHERS OF BIOLOGY AND 
CHEMISTRY POSSESSING THE LABORATORY 
EQUIPMENT INDICATED 


Type of Equipment Percentage 


SU SOND 6 3 ace 5040.0 > Va oes 4K a les 100 
NO sgn nd cs oa he eo ene 93 
Demonstration Gesk .......cccccccsesss 86 
110 or 120 volt A.C. current.......... 84 
Good laboratory tables............... 82 
ei OE MGS GIES 5 6c nc wscccneccas 81 
Tables equipped with gas ..,......... 80 
Demonstration desk equipped with run- 

ning water, gas, and electricity..... — 
ME RI nv ko an dK e wa oaswanees 31 


CHIEF FUNCTIONS OF THE SCIENCE 


LABORATORY 

Of the 91 teachers answering the sched- 
ule, 81 responded to the question “What 
in your judgment are the chief functions of 
the science laboratory ?” Twenty-nine func- 
tions were listed. The first eight func- 
tions in order of frequency of mention are 
shown in Table 7. 

IV. ADJUNCTS TO SCIENCE INSTRUCTION 

One section of the schedule was devoted 
to the adjuncts of science instruction such 
as the science club, the field trip, the visual 
aids, library books, and periodicals. 


SCIENCE CLUBS 
Only 12 per cent of the teachers of 
biology and chemistry reported that they 
sponsored some form of science club. Of 
the 12 per cent sponsoring’ science clubs, 
45 per cent reported that their club was 
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TABLE 7 


FREQUENCY OF MENTION OF THE CHIEF FUNC- 
TIONS OF THE SCIENCE LABORATORY 


Chief Functions of the Science 


Laboratory Frequency 

To develop skill in the use of labora- 

>. ee eee ee 21 
To understand and use the scientific 

a BERR REN re eee 17 
To develop student interest in chem- 

OO BU DRNND one 55 ak aleesdsicdi- 15 
To develop the habit of careful obser- 

seas ck aie ia Sha ete wads cn 15 
To test theories and ideas learned in 

ee nr Se eee 14 


To develop and understand science 
principles and the ability to apply 


PEE Ct Pn eee ee ee ee 13 
To bridge the gap between theory and 

SN 65. & lcs ooo dae > Gam ae 11 
CO Se GN oe iva acces tnckes 11 


affiliated with the Junior Academy of Sci- 
ence, while 18 per cent reported that their 
club was affiliated with the Science Clubs 
of America. Whatever the 
can conclude that a valuable adjunct of sci- 
ence instruction was being neglected in the 


reason, one 


Minnesota schools. 


FIELD TRIPS 


The field trip has long been considered a 
valuable aid to instruction in all fields, and 
Yet of the 82 per 
cent reporting, only 55 per cent used the 
field trip as part of their instruction in 


science is no exception. 


biology and chemistry. Of those who used 
the field trip, only a median number of 
four field trips were taken per year by 
teachers and their pupils in biology and 
chemistry. Surely, Minnesota affords more 
opportunity for field trips, 
rural areas. 


especially in 
One can suggest that either 
teachers were not trained in this technique 
or were too busy to plan and take field 
trips. 
VISUAL AIDS 

A variety of visua! aids are now available 
to teachers. The sound -movie projector 
was the one aid most available to teachers 
of biology and chemistry, and yet it was 
used only six times a year in chemistry 
and ten times a year in biology. The fig- 


Table 8 


ures quoted here are medians. 
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TABLE 8 


PosSsESSION OR USE oF VISUAL AIDS AND THE MEDIAN TIMES USED PER YEAR 


Type of Aid: 
Chemistry teachers—possession or use*.......... 
—median times used per year...........eeceees 


Biology teachers—possession or use *..........+.. 
—median times used per year...........eeeeeee 


A B c D E I G H 
9 3 11 2 0 3 31 5 
9 10 5 5 0 3 6 15 
16 6 21 5 4 5 35 9 
5 6 6 5 + 5 10 10 


Key to type of aid: 


A. Standard slide projector (3% x 4) 
B. Miniature slide projector (2x 2) 
C. Film strip projector 

D. Opaque projector 


_ 


=. Micro-film projector 

Silent movie projector 
G. Sound movie projector 
H. Combination projector 


_ 
+) 


* Thus 9 chemistry teachers had type A available for use and used it a median number of 9 times 


per year. 


gives the information regarding eight types 
of visual aids. The second most avail- 
able aid was the film strip projector, which 
was used five and six times a year respec- 
tively, by biology and chemistry teachers. 
If an aid were available, it was usually 
single, either a sound movie projector or a 
combination projector. It is worthy of 
note, that 11 biology and 18 chemistry 
teachers of the 55 biology and 55 chemis- 
try teachers, had no visual aids available 
for use. In order for visual aids to be 
effective, especially the opaque projector, 
the room must possess dark curtains. Only 
36 per cent of the 86 teachers reporting 
stated that their classrooms were equipped 
with dark curtains. 


LIBRARY BOOKS 
Of those teachers of science reporting, 
26 per cent indicated a “good supply” of 
books on science in the library, 44 per cent 
indicated a “fair supply” of books on sci- 
ence in the library, and 30 per cent indi- 
cated a “poor supply.” 


SCIENCE PERIODICALS 

Of the 82 per cent reporting, 23 per cent 
stated that no magazine was taken by the 
school or teacher and made available to 
students ; 24 per cent stated that one maga- 
zine was taken by the school or teacher and 
was made available to students ; and 24 per 
cent reported two magazines taken by the 
teacher or school and made available to 


students. 


V. CURRICULUM-TEACHING OBJECTIVES 
AND PROCEDURES 
Teachers of biology and chemistry have 
certain objectives in mind or have these 
objectives written into the syllabi they use. 
Teachers also use a variety of procedures 
for implementing these objectives. The fol- 
lowing sections are devoted to teaching 
objectives and procedures for the imple- 
mentation of these objectives. 


OBJECTIVES IN THE TEACHING OF BIOLOGY 

Although science educators have agreed 
on the over-all objectives for instruction in 
science, each subject has specific objectives 
compatible with the large over-all objec- 
tives. Table 9 lists eight of the 35 objec- 


tives as reported by the teachers of biology. 


TABLE 9 
Tue First E1cgHr OBJECTIVES IN THE TEACHING 
oF BrotoGy As RePportTeED BY THE TEACHERS 
oF BIOLOGY IN THE MINNESOTA SCHOOLS 
FOR THE ScHoot YEAR 1946-47 
Frequency 
Objective of Mention 


Give pupils a true understanding of the 


interdependence of life-balance in 

NS a kina 4 x8 Se iden ace 15 
Provide a basis for healthful living... 13 
\cquaint pupils with the fundamental 

knowledge of plant and animal life 8 
To develop better citizens......... 7 
Te understand the physiology and anat 

omy of the human body.. evan 6 
lo develop an appreciation for nature 

and one’s environment . 5 


To be able to apply biological prin- 
ciples to everyday living........... 5 

To acquire the ability to use the 
scientific method in the solution of 
problems ..... ey ee 


un 
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OBJECTIVES IN THE TEACHING OF 
CHEMISTRY 


Forty-one objectives were indicated by 
Table 


the first eight objectives in 


49 of the 55 teachers of chemistry. 
10 indicates 
order of frequency of mention. 


TABLE 10 
Ture First E1icut OBJECTIVES IN THE TEACHING 
OF CHEMISTRY AS REPORTED BY THE TEACHERS 
oF CHEMISTRY IN THE MINNESOTA SCHOOLS 
FOR THE SCHOOL YEAR 1946-47 
Frequency 
Objective of Mention 


To give pupils an understanding of 


matter and its use in relation to 

SNES GENE So eidccscininee sone 23 
Preparation for college............... 9 
To learn to use the scientific method. . 8 
To develop scientific attitudes........ 7 
To acquire a functional knowledge 

about food, clothing, and commercial 

RE EE ee re 7 
To gain an appreciation of the works 

GE PORE TEINS 660 oss Cease snades 
To acquire broad understanding of the 

mineral kingdom and of the laws 

WE BUNIE TE. oc ccca es sec ctheumen 5 
Vocational information and motivation 5 


PROCEDURES EMPLOYED TO DEVELOP AN 


UNDERSTANDING OF SCIENTIFIC PRINCIPLES 


Teachers were asked to indicate the pro- 
cedures they employed, if any, to develop 
an understanding of scientific principles. 
Thirty-three procedures were indicated. 
Table 11 gives the first six in order of 


frequency of mention. Perhaps some of 


TABLE 11 
PROCEDURES EMPLOYED TO DEVELOP AN UNDER- 
STANDING OF SCIENTIFIC PRINCIPLES 
Frequency 


Procedure of Mention 


Demonstrations by the teacher........ 13 
Discussion of principles.............. 11 
Experiments in the laboratory........ 11 


Application of principles to 
MINE <0 x's 24a wid eie awa ka be 
Graphic illustrations of principles..... 6 
Outside reading of books and periodi- 
cals 


current 


these developed an understanding of sci- 
entific principles, but it would seem that 
the provision for growth in this direction 
was only incidental and was not carefully 
planned. 
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PROCEDURES EMPLOYED TO HABITUATE 
STUDENTS TO SCIENTIFIC ATTITUDES 
Teachers were asked to indicate the pro- 
cedures they employed, if any, to habituate 
students to scientific attitudes. 
procedures were indicated. 


Forty-two 
The first five 
in order of frequency of mention are given 
in Table 12. An analysis of the list indi- 


TABLE 12 
ProcepurES EMPLOYED TO HABITUATE STUDENTS 
TO SCIENTIFIC ATTITUDES 
Frequency 
of Mention 
Experiments in the laboratory........ 10 
Application of attitudes to everyday 
OD aca 8-0 pre re KTS Seals 9 
Careful evaluation of periodical and 
BOWEDRGES BETICIEE 20:0 cco sda dsadoss 
3y discussion of attitudes in class..... 
Careful observation and measurement.. 


Procedure 


nud 


cated some attempt was being made on the 
part of teachers to develop scientific atti- 
tudes. However, the frequency of mention 
was low for all of these, indicating that 
most of the teachers did not plan for this 


in their instruction. 


PROCEDURES EMPLOYED TO 
ABILITY TO USE THE 


DEVELOP THE 
SCIENTIFIC METHOD 


Teachers were asked to indicate the pro- 
cedures they employed, if any, to develop 
the ability to use the scientific method. 
Thirty-one 


were indicated. 


Table 13 gives the five highest in order of 


procedures 


frequency of mention. The. frequency of 
TABLE 13 
PROCEDURES EMPLOYED TO DEVELOP THE ABILITY 
TO Use THE SCIENTIFIC METHOD 
Frequency 


Procedure of Mention 


Follow the steps in the scientific method 13 
Experiments in the laboratory........ 11 
COOK MERCED, 564d ds eae bo00d os 5 
Study the experiment or problem to be 
solved carefully beforehand......... 5 
Requiring original experiments in 
which the student selects his own 
materials and method of solution... . 4 


mention was low for most of the procedures 
indicating that most of the teachers did not 
plan for this objective in their instruction. 
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DIFFERENTIATION OF INSTRUCTION 

Did teachers of biology differentiate in- 
struction for college preparatory and ter- 
minal students? Of the 58 biology teach- 
ers, 45 responded to this question. Table 
14 shows the frequency of mention of the 
first five types. Only 13 types of dif- 
ferentiation were reported. Apparently 
teachers of chemistry were no better in 
differentiating instruction for college-bound 
and terminal students. Of the 55 chem- 
istry teachers, 47 responded to the ques- 
tion. Only two types of differentiation 
were mentioned more than once and they 
were: “no differentiation” was mentioned 
22 times, and “college-bound students were 


TABLE 14 
Tue First Five Types or DIFFERENTIATION OF 
INSTRUCTION IN BroLoGy FoR COLLEGE PRE- 
PARATORY AND TERMINAL STUDENTS AS 
REPORTED BY THE TEACHERS OF BIOL- 
OGY IN THE MINNESOTA SCHOOLS 
FOR THE SCHOOL YEAR 1946-47 
Frequency 


Type of Differentiation of Mention 


EE ee ee 27 
The better students received more lab- 
oratory work, microscope work, etc.. 4 


College-bound students received more 
work in anatomy and taxonomy, 
while the terminal students received 
instruction of a more practical type. . 2 

More outside reading for the college 
EE er eed 

Only in standards of achievement..... 


tht bo 


required to know the mechanics of equa- 
tions, formulas, problems, and theory” was 
mentioned six times. 


CURRICULUM REQUIREMENTS 
Of those teachers of science reporting, 
38 per cent stated that biology was re- 
quired of all pupils, while only 9 per cent 
stated that chemistry was required of all 
pupils. 


VI. IMPROVEMENT OF SCIENCE EDUCATION 
IN MINNESOTA 


In answer to the question “How do you 
think science instruction in Minnesota 
schools might be improved?” the response 
was good and the answers were construc- 
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tive. Table 15 gives the first ten sugges- 
tions with the frequency of mention. 


TABLE 15 
SUGGESTIONS FOR THE IMPROVEMENT OF SCIENCE 
INSTRUCTION IN THE SCHOOLS OF MINNE- 
SOTA AS REPORTED BY THE TEACHERS 
oF BroLoGy AND CHEMISTRY FOR 
THE ScHoot YEAR 1946—47 


Frequency 
Improvement Suggested of Mention 
Better science equipment and facilities 22 
Reduce the science teacher's load to 
allow him to prepare for laboratory 


RA See ree : 18 
More time for laboratory work 13 
More teachers trained in science and 

science methods ............ 13 
The science taught should be of a more 

practical nature—less theory ....... Y 
Smaller science classes.......... 6 


Higher salaries to attract more capable 
science teachers .........ccce00. 
Teach for understanding of science 
not facts to be memorized.......... 5 
Fusion of the basic sciences for non- 
college pupils—separate courses for 
college-bound students ........... ; 5 
Revision of the course of study in 
terms of the needs and interests of 
BY GEMOUE UNITES once ccsccsces 4 


on 


VII. CONTRASTS OF THE FINDINGS OF THIS 
SCHEDULE WITH RELATED STUDIES 


Two studies that bore a close relationship 
to parts of the present study were those 
of Lund? and Hutson.* Lund’s study 
was done in 1936 while Hutson’s was done 
in 1923. A period of thirteen years elapsed 
between Hutson’s and Lund’s study, and a 
period of eleven years between Lund’s 
study and the present study. Several 
changes may be noted within this span of 
about twenty-five years. The preparation 
of chemistry teachers in hours of chemistry 
was approximately the same in 1923 as in 
1936, but showed a slight decline in 1946. 
The preparation of biology teachers in 


hours of biology was approximately the 


2S. E. Torsten Lund, “The Subject Matte 
Preparation of Science Teachers in Minnesota 
High Schools 1934-35,” Doctoral Dissertation, 
University of Minnesota, 1936. (Typewritten.) 
8 Percival W. Hutson, “The Training of High 
School Teachers in Minnesota,” Educational 
Monograph No. 3. Minneapolis : College of 
Education, University of Minnesota, 1923. 
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same in 1923 as in 1936 and 1946, with a 
slight increase noted in favor of the 1936 
and 1946 teachers. The Minnesota science 
teacher in 1946 was a much “younger” 
teacher in terms of years of teaching experi- 
ence than was the 1936 teacher. The teach- 
ing load of the 1946 teacher in terms of class 
hours per week was slightly less than that 
of the 1936 teacher. More teachers of 
science graduated from teachers colleges in 
1946 than was true in 1936, and this took 
place at the expense of the private and lib- 
eral arts colleges. The teachers of science 
in 1946 had earned less hours of credit in 
all sciences than had the teachers of science 
in 1936. 
sons, the pattern of science courses taken 


For more informative compari- 


would be needed as well as the number of 
credits earned. The tendency in teacher 
training programs is to make the back- 
ground in science more comprehensive. 
More teachers in 1946 possessed the Mas- 
ter’s degree than was true in 1936. 

The contrasts noted above would seem 
to indicate that in some respects the status 
of the science teacher had not changed dur- 
We 
must, however, remember that the repre- 
sentativeness of the samples used in 1923 


ing the twenty-five year interval. 


and 1936 studies can be questioned, that 
the present study was conducted during 
war years with many teachers possessing 
an emergency certificate, and that the con- 
trasts are quantitative rather than qualita- 
tive. 
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The results of the schedule are indeed 
worthy of consideration by those educators 
and supervisors who wish to improve sci- 
ence instruction in the high schools of Min- 
The the 
where improvement is sorely needed. Many 
of the teachers had too many preparations, 


nesota. results showed areas 


too many pupils per day, too little labor- 
oratory equipment or time to plan for lab- 
oratory activities. These are factors that 
could be remedied by good administration 
and planning. Lack of preparation in the 
sciences, the use of textbooks and labora- 
tory manuals almost exclusively, the lack 
of insight and training in the use of the 
scientific method of solving problems, the 
dearth of science clubs, the infrequency of 
of visual aids, 
the lack of professionalism on the part of 


field trips, the limited use 


the teachers, the lack of definite procedures 
for developing 
ciples, the lack 


an understanding of prin- 
of procedures for habituat- 
ing students to scientific attitudes, the lack 
of differentiation of instruction—all these 
and more are problems that can be attacked 
by better teacher training of prospective 





teachers of science or by inservice training 
The 
task represents a challenge to the teacher 
training institutions and the State Depart- 
ment of Education, one that must be met 


for those teachers now in the field. 


if science instruction in the state is to reach 
a high level of efficiency. 


GRADUATION REQUIREMENTS AND THE PREPARATION 
OF HIGH SCHOOL TEACHERS OF SCIENCE 


LEONARD A. Forp 


State Teachers College, Mankato, Minnesota 


DEQUATE preparation to teach science in 
LY high school is the concern of those of 
counselors to students 


us that serve as 


whose interest lies in this field. Authori- 


ties in the field of science education |1, 2] 


agree that “for prospective science teachers 
about one-half of the work for the bacca- 


laureate degree be devoted to science 


courses.” A study of graduation require- 
ments in teachers colleges [3, 4] a number 
of years ago showed that these require- 
ments were not being met. 

If 192 quarter hours are required for 
graduation and half. of it is devoted to 
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science, the student is left with 96 quarter 
hours to be divided between required 
courses in general education, professional 
education, minors and electives. 

Requirements in general education other 
than science often constitute 60 quarter 
hours and professional education 36 quar- 
ter hours. Should the prospective science 
teacher complete half of his work in science 
and the other half in general and profes- 
sional education he has no opportunity to 
select electives or a minor in fields other 
than science. 

A study of requests for high school 
teachers in several of the placement offices 
in the state shows that science teachers are 
often asked to teach mathematics or some 
field other than science or mathematics. 

With an increasing surplus of high 
school teachers the prospective teacher of 
science needs to prepare himself for several 
contingencies. He should be prepared to 
teach mathematics or possibly some other 
field and select courses so that he could 
continue graduate work in science. In the 
event that he is not able to receive a teach- 
ing position his preparation should qualify 
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him for goyernment service, industry, or a 
professional school. 

On the basis of these considerations we 
recommend to our students whose interest 
lies in science to take three years in one 
science, two years of work in a second 
science and at least one year’s work in a 
third science. This will total about 72 
quarter hours in science and will usually 
enable the student to satisfy requirements 
for graduation and accomplish his objec- 
tives in teacher preparation or some other 
field in the event that he may not receive a 
teaching position. 
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PITCAIRN-CRABBE FOUNDATION LECTURE SERIES. 
Modern Education and Human Values Vol. JI. 
Pittsburgh: University of Pittsburgh Press, 
1948, 124 p. $3.00. 

This is a series of five lectures under the 
auspices of the School of Education of the Uni- 
versity of Pittsburgh delivered during the school 
year, 1947-48. The point of view taken by these 
lectures is that “secular” education is a misnomer. 

In the first lecture Edward Weeks, Editor, The 
Atlantic Monthly, seeks to draw together the 
“Dream and the Reality” (Education: The Dream 
and the Reality). He analyzes the discrepancy 
“between the American ideal which we preach 
and the American ideal which we live.’ We have 
learned how to deal with machines. We must 
learn how to deal with people. The aim of educa- 
tion must be the improvement of our personal 
relationships. Altogether this is one of the finest 
most stimulating lectures the reviewer has read 
in a long time. 

In the second lecture (The Person and the 
Mind of Man in Modern Education) by Reinhold 
Niebuhr of the Union Theological Seminary, the 
writer demands the education of the whole self 
which is more than the education of the intellect. 
Presently too much of our education has been 
concerned only with the latter aspect. 

In the third lecture (Education and Cultural 
Understanding) Dr. George N. Schuster, Presi- 
dent of Hunter College, calls for a better inter- 
national cultural understanding which can only 
be attained through the long slow process of 
education. Differences in culture make it difficult 
for different peoples to understand each other and 
this creates most misunderstandings and often 
leads to war. 

In the last two lectures (Recent Education 
Development in England and Adult Education in 
England) Sir Richard Livingstone, President of 
Corpus Christi College, Oxford University, Eng- 
land traced the development of education in Eng- 
land and the need for adult education in a 
democracy. He compared and contrasted second- 
ary and college education in the United States 
and England as to philosophies, methods, and 
attainment. 

C. M. P. 


New 
63 p. 


SeLsAM, MILLICENT E. 
York: William 
$2.00. 

Play With Plants is a Morrow Junior Book. 
It is a book of experiments with plants that both 
pupils and teachers will find enjoyable. Contents 
include: plants grow from roots, stems, and 
leaves ; plants grow from seeds; how seeds grow; 
about experiments; plants need water; and plants 
need light. Nearly every page has a graphic 
picture that helps to explain the different experi- 


Play With Plants. 
Morrow & Co., 1949. 


ments. The illustrations were drawn by James 
MacDonald. This is recommended as an excel- 
lent book for the elementary science book shelf. 


DapourtAN, H. M. How To Study; How to 
Solve. Cambridge, Massachusetts: Addison- 
Wesley Press, Inc., 1949. 34 p. 


This pamphlet will be an especially valuable 
aid to students of mathematics and the mathe- 
matical sciences. On the other hand much of the 
advice is of such general nature as to be useful 
for all students. The author lists several reasons 
why students have difficulty in mathematics, the 
desirability of the proper mental attitude, and 
suggestions for improving one’s study habits at 
home and in the classroom. Specific advice is 
given on how to solve problems. 


Davis, Davin R. Modern College 
Cambridge, Massachusetts: 
Press, Inc., 1949, 238 p. 


This is a text in plane geometry from the col- 
lege point of view. A knowledge of high school 
mathematics and some maturity on the part of 
the student is assumed. 


Geometry. 
Addison-Wesley 


Crow, Leonard R. Saturating Core Devices. 
Vincennes, Indiana: The Scientific Book Pub- 
lishing Company, 1949. 373 p. 


This book offers a collection of simplified 
description of saturable core magnetic devices 
and applications involving direct and alternating 
currents. 


Crow, LeonArD R. Learning Electricity and 
Electronics Experimentally. Vincennes, Indi- 
ana: Universal Scientific Company, Inc., 1949. 
525 p. 

This book covers the general subject of elec- 
tricity from the point of view of the experimenter. 
The fundamental laws governing magnetic and 
electrical phenomena are considered. Qualitative 
aspects of experiments are emphasized. Mathe- 
matics has been limited to a minimum of simple 
arithmetical calculations. 

Many of the experiments are applicable as 
general science and high school physics demon- 
strations and pupil experiments. 


MILLER, Freperic H. Analytic Geometry and 
Calculus: A Unified Treatment. New York: 
John Wiley and Sons, Inc., 1949. 658 p. $5.00. 


This correlation of analytic geometry and 
calculus is designed to meet the needs of teachers 
especially of engineering and science students, 
who believe that a unified study of these subjects 
is superior to other treatments. 
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